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Inside 42-inch steel pipe after receiving 
corrosion-resistant lining. The internal coating applied while the 
pipe rotated rate 760 linear feet per minute (approximately 
rpm). Lined pipe but one several corrosion-prevention meas- 
ures utilized such the water, sewage, chemical, oil, gas and 
paper and pulp industries avoid costly repairs and replacements 
with their usually attendant plant shutdown, interrupted customer 
service. Photograph courtesy Mayes Brothers, Houston, Texas. 
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Michael Faraday, F.R.S.* 


THE YEAR 1822 Professor Michael 


Faraday the Royal 
ished some work alloys had 
made the laboratory, and put the re- 
maining specimens away wooden 
box. labelled the box with his own 


hand and sent the storeroom. 


Faraday then with his famous 
researches electricity and magnet- 
ism, and the course time com- 
pletely forgot about that old box. Many 
years later, March 1863, the distin- 
guished metallurgist Dr. John Percy 
inquired about the specimens. But Fara- 


day, who was then years age, 


answered... 


wish could have the further 
pleasure helping you, but have for- 
gotten all about the paper alloys, 
and cannot all call mind where 
any the specimens are. rather think 
they must lost this time, for 


not know how trace them. 


and the 


the 


pioneer student 
corrosion-resistant alloys 


‘The box was thus forgotten; and re- 
mained forgotten for over century. 
1930 was re-discovered, and the 
specimens were carefully studied 
Sir Robert Hadfield. With the help 
entries Faraday’s diary, became 
clear that the great scientist had been 
systematically investigating the effect 
certain alloying elements conferring 
corrosion resistance and other desirable 
properties alloys. Faraday was evi- 


dently the first study the nickel-iron 


Laboratory the Royal Institution.* 
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Non-Destructive Methods For Determining 


Metal Plate Thickness* 


Kerley* 


HIS article was prepared with 

the feeling that corrosion engi- 
may use the instruments de- 
cribed minimize loss operating 
ime normally required for inspec- 
‘ion few cases may 
possible make all necessary 
measurements while unit op- 
eration, and avoid shut-down until 
ioss metal necessitates parts re- 
placement. still larger number 
cases may possible appre- 
ciably reduce shut-down time in- 
creasing the speed inspection. 
These are possibilities for saving 
money, and are attractive indus- 
However, they require judi- 
choice instruments because 
there all-purpose instrument 
for the many inspection problems 
found industry today. Most in- 


struments have definite fields ap- 
plication and definite limitations, 
and these are usually due the 
physical principles employed. 
Thickness gages have been built 
that utilize the following physical 


%* A paper presented at the Annual Meeting 
ot NACE in Chicago, Ill., April 7-10, 1947. Orig- 
inal paper compiled in collaboration with B. G. 
Crane, formerly of Ethyl Corporation. 

* Senior Engineer and Chairman of the Meas- 
urement and Control Committee, Shell Oil Com- 

pany, Inec., New York, N. Y. 


phenomena. Ultrasonic vibration, 
thermal conductivity, magnetism, 
electrical resistivity, electrical induc- 
tion, and penetrating radiation. 
readily apparent that such broad 
field cannot discussed great 
detail the space available. 
proposed accept the peculiarities 
these principles facts, and 
discuss instead the methods which 
they are used. This best can done 
describing instrument each 
field, and even this must pared 
down brief description the 
operating principle and method, 
coupled with few remarks ad- 
vantages and limitations. 


Supersonic Vibration Methods 

During recent years instruments 
have been perfected both 
and abroad* that utilize supersonic 
(more appropriately, ultrasonic) vi- 
bration basic principle. Meth- 
ods employed are based two 
facts: first, that sound travels 
through metals 
rates which are not appreciably in- 
fluenced ordinary variations 
temperature, alloy content, and 
second, that sound wave metal 
reflected back its source bar- 
rier surfaces like echoes the at- 
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mosphere. Since the velocity 
sound all metals known can 
measured determining the time 
necessary for pulse sound 
make “round-trip” from one sur- 
face the other and back the 
origin. 

not always necessary 
measure the time directly. One in- 
strument than can used for meas- 
uring thickness very thin plate 
eliminates time measurement de- 
termining the fundamental frequency 
which the plate vibrates re- 
sonance. This accomplished 
equipment illustrated Figure 
The variable-frequency electronic os- 
cillator shown the left, generates 
alternating voltage frequencies 
governed the position the tun- 
ing-capacitor knob its calibrated 
scale. This voltage impressed 
across the faces small X-cut 
quartz crystal, which converts the 
electrical energy into mechanical vi- 
brations and projects them into the 
sample with which held con- 
tact. 
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OSCILLATOR 


FIGURE | 


operation, thin film grease 
oil maintained between the 
crystal and sample assure good 
sound transmission. The oscillator 
then tuned with the knob until the 
sample vibrates resonance. 
unique method employed deter- 
mining this resonant condition. Mo- 
tional impedance the crystal 
such that long the sound waves 
the sample are phase,” 
speak, with the vibrating crystal, 
the power required drive the crys- 
tal very small. However, when 
the frequency such that reflected 
sound wave returns the origin 
just time support vibration 
the crystal (this, course, re- 
sonant condition) the power drive 
the crystal This re- 
sults very abrupt, sharp peak 
the power-output curve for the 
oscillator. Therefore, 
meter shown the oscillator 
circuit indicates resonant point 
its peak reading. read- 
ing taken such peak will 
either the fundamental resonant fre- 
quency one its harmonics. 
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The difference be- 
tween any two successive harmonics 
always equal the fundamental. 
Therefore, thickness can deter- 
mined taking frequency readings 
two successive points maxi- 
mum current, subtracting the lower 
the higher, and entering the 
difference the 


where thickness the 
sample inches, 

the material, inches 
per second, and 

fundamental reson- 
ant frequency cycles 
per 

This technique was developed 
General Motors Corporation? for in- 
specting hollow metal airplane pro- 
pellers. Their instrument, called the 
“Sonigage,” special-purpose de- 
vice, and not available gen- 
eral inspection tool. There is, how- 
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AUDIO FREQUENCY 
OSCILLATOR 


FIGURE 2 


ever, quite similar instrument 
available for inspection services. 

This unit known the “Audi- 
and marketed Branson 
Instruments, Inc., Danbury, Conn. 
schematic diagram shown 
Figure apparent that the basic 
principles and components are the 
same those the ex- 
cept that the indicating milliam- 
meter has been replaced au- 
dio frequency 
and set head phones that result 
audible signal the resonance 
point. Like the maximum reading 
the “Sonigage” indicator, this 
signal quite sharp resonance, 
that with little training, 
operator can take readings rapidly 
and accurately. 

The tuning dial the “Audigage” 
and, addition, thickness scale 
inches steel plotted oppo- 
site corresponding fundamental fre- 
quency values that when the fun- 
damental has been determined the 
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thickness can read directly. For 
materials other than steel, appro- 
priate factors are used multipli- 
ers. The unit portable, battery- 
powered, and operated one 
man. 

With both these instruments 
some surface preparation neces- 
sary. Readings cannot obtained 
where the opposite surface se- 
verely pitted. Scale other material 
the opposite side does not affect 
the accuracy. 

Resonance instruments are used 
only for thickness measurement, 
usually relatively thin plates. 
There the 
market today in- 
strument that 
measures time di- 
rectly, and com- 
bines thickness meas- 
urement with detect- 
ing flaws heavy 
castings and shapes. 
Manufactured and 
marketed Sperry 
Products, Inc., Ho- 
boken, New Jersey, 
this device known 
the 
can 
seen from Figure 
the name indica- 
tive the method 
employed. might 
appropriately 
called 
dar.” 

there are 
pulse sound pro- 
jected downward 
shown will reflec- 
ted the opposite 
face and will return 


ASSOCIATION CORROSION ENGINEERS 


Vol. 


electrically and projected prop- 
erly marked, calibrated, cathode- 
ray oscilloscope the thickness 
the sample can read directly from 
the oscilloscope screen. Moreover, 
there subsurface fault the 
sample beneath the crystal, wave 
energy will reflected back from 
the origin, and will appear 
additional “pip” light the 
oscilloscope, whose distance from 
zero will proportional the 
depth the flaw. Furthermore, the 
size the flaw can approximated 
from the character the “pip.” 


WaVis REFLECTED 
FROM DEFECT 


WAVES RFLECTED 
FROM OTHER SIDE 
OF MATERIAL 


FIGURE 3 
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When the “Reflectoscope” used 
this fashion, continuous wave 
energy not employed. Energy 
the oscillator beamed into 
‘he sample pulses few micro- 
duration, with the crystal 
cting transmitter. The rate 
“bursts” per second. 
‘he rest the time the crystal acts 
receiver for returning pulses, 
them into electrical en- 
rgy and projecting them the 
scilloscope screen. 


Accurate Depths Feet 


Used this fashion, the instru- 
best suited flaw detection 
such heavy pieces railroad car 
xles, and has been extensively used 
detecting fatigue cracks such 
quipment. very accurate 
depths feet, and has been 


using continuous wave energy 
tuning the oscillator, the reson- 
ance method described earlier can 
used. this case, resonance 
ing wave “pips” the screen; 
being indicated the dis- 
between wave crests. 

Equipment utilizing similar meth- 
ods has been used other countries* 
for thickness measurement, flaw de- 
tection welded seams, and other 
similar forms inspection. 


Thermal Conductivity Methods 


general, all thermal conduc- 
tivity methods employ the same 
basic principle: the application 
heat controlled rate the 
material under inspection for defi- 
nite periods time, and measure- 
ment the temperature rise the 
sample. The rise temperature 
function the specific heat, ther- 
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mal conductivity and the volume 
the sample. Since the first two can 
assumed constant for given 
material and the area application 
usually fixed, temperature read- 
ings are indicative thickness. 


Principles Operation 


Because the writer unaware 
commercially available instrument 
using this method, suffice de- 
scribe one the most prominent 
developments this field. This 
method, known “Thermoflux,” 
Massachusetts Institute Tech- 
collaboration with Fidel- 
ity and Casualty Company New 
York. Heat was applied electrical 
induction through two legs 
magnetic yoke held contact with 
the sample. The a-c energizing coil 
was wound around the body the 
yoke, and temperature sensative 
element usually thermo-couple 
—was affixed the sample between 
the legs. 

Heat was induced the sample 
for definite periods time, depen- 
dent the approximate sample 
thickness. period seconds 
was found satisfactory for thickness 
ranges from 0.25 0.75 inch, while 
120 seconds were required for thick- 
nesses from 0.75 inches. 


Several Sources Error 


Obviously this instrument was 
subject several sources error. 
the first place, since heating was 
accomplished inductively, the mag- 
netic reluctance the influ- 
enced the heating effect the field. 
For ordinary steels this was found 
negligible importance. What 
Was more serious was the inability 
fit the yoke faces snugly against 
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the surface. This also affected the 
heating since varied the reluc- 
tance the magnetic circuit. Some 
difficulty was also encountered 
affixing 
element the sample. Moreover, 
was found that measurements near 
free edge were subject error, 
probably due distortion the 
magnetic path. 


Unfortunately, development the 
instrument was never completed, 
due the war. Several models were 
built which 
promise. During the war the method 
was turned over the Navy, 
who recently released it. 
Corporation, who took over this ac- 
tivity, have announced new de- 
velopments. 


Magnetic Methods 


Measurement the magnetic 
characteristics steel plates ap- 
parently rather popular with design- 
ers thickness gages. During the 
past decade several types mag- 
netic measurements have been em- 
ployed, both for thickness determi- 
nation and for detection 
Such thickness gages range from 
one which measures the force re- 
quired pull magnet known 
strength free from the surface 
metal plate, one employing 
rather ingenious “magnetic bridge” 
circuit. the former, the force re- 
the plate thickness. the latter, 
readings are obtained directly 
measuring the amount steel core 
that must inserted electro- 
magnetic “balancing” coil, ex- 
actly balance the magnetic flux from 
similar electromagnetic 
ing” coil held contact with the 
sample. 


of 
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The difficulties encountered 
these methods are quite similar 
those discussed “Thermoflux” 
above, namely variations reluc- 
tance magnetic path due 
the alloy content, stresses, etc., 
the metal itself; second, varia 
tions the air gap due impropei 
fitting pole pieces; and finally, 
path distortion from shape varia 
tions, free edges, etc., the sample 
These difficulties coupled with 
fact that saturation hard 
achieve thicker pieces have 
thickness measurements 
eighths inch and less. 


Magnetic Principle 
Despite these difficulties, very 
successful instruments 
built utilizing magnetic measure 
ments. One these, General Elec 
tric Company’s Type MS-A Gage 
designed specifically for measuring 
the wall thickness 2-inch 
pipe, illustrated Figure The 
unit consists gage head, 
which heavy saddle carrying the 
contacting pole pieces attached 
and indicating instrument cali 

brated inches thickness. 


Resembles Saturable Reactor 


operating principle, the unit 
closely resembles the well-known 
saturable reactor. Flux from 
erful Alnico magnet passes through 
the saddle and close-fitting 
pieces into the sample pipe, satu 
rating it. complete the 
circuit, then passes through the 
core the gage head, about which 
wound special a-c transformer 
the primary which 
from 110-volt 60-cycle source 
and the secondary tied 
the indicator. Since the 
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FIGURE 
Alnico 
Permanent 
Magnet 


Stepdown 
Transformer 


Instrument 


Pipe Under 
Test 


Zero Adjustment 


switch 


supply Voltage 


tional flux from the magnet tends 
block the flux and its resultant 
transformer action, the amount 
flux necessary saturate the sample 
determined immediately the 
meter reading which, since satura- 
tion achieved, direct indica- 
tion sample thickness. 

Doubtless, much the success 
this device due its snug-fitting 
pole pieces, which minimize reluc- 
tance errors due air-gap varia- 
tions. separate saddle used for 
each pipe size. Saddles 
quickly changed since they are at- 
tached two screws, Although 
has been built only for 1-to 2-inch 


pipe sizes, the unit can built 
meet requirements. 

Magnetic instruments enjoy sev- 
eral advantages over others. They 
can made very rugged and port- 
able. Readings are not influenced 
materials either surface the 
magnetic path not affected. 


Electrical Resisitivity Methods 


Perhaps 


widely used 


thickness 


measuring the resistance encoun- 
tered when direct current passed 
through section conducting sam- 
ple. The basic principle illustrated 
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FIGURE 5 


rent established the circuit 
C-R-A-C, potential drops will 
set all parts the circuit due 
resistance current flow. The 
potential drop the metal plate 
C-C will directly proportional 
the resistance the material and 
the length the electrical path, and 
inversely proportional the cross- 
sectional area encountered the 
current. Obviously then, potential 
points P-P could tied into this cir- 
cuit just above C-C, and from the volt- 
age drop read determination 
plate thickness could made. 
can readily seen, however, that 
the resistance contacts C-C would 
possible source large errors. 
Moreover, the distribution the 
flowing current the metal would 
not uniform. 

For this reason, all the instru- 
ments today, separate potential 
contacts are provided points 
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uniform current dis- 
tribution. Most man- 
ufacturers provide 
contact heads with 
fixed spacing where 
the distance between 
contacts 
mined the range 
the 
the thickness 
measured. Current usually supplicd 
from 12-volt storage battery, 
and potential readings are made 
microammeter. Although the 
cedure may reversed, cus- 
tomary maintain fixed current 
flow and use variations 
the instrument not calibrated di- 
rectly, but potential readings are 
entered curves that have been 
plotted from actual readings cali- 
pered samples. Quite often, this in- 
troduces error that unavoidable 
where the 4-point method current 
contacts and potential contacts) 
used. 

Due composition, alloy content, 
etc., the unit resistance the vari- 
ous samples inspected will seldom 
exactly equal that the samples 
used plotting calibration curves. 
Although the resulting 
usually small, should 
inated, possible, and the principle 
illustrated Figure 
affords method 
doing so. 


Usually, sin- 
gle steel plate, the re- 
sistance uniform 
throughout the 
plate and the 
current value, poten- 


FIGURE 6 
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tial readings are obtained two 
fixed points such P,P, and 
ratio these readings eliminates 
resistance cancellation, since its 
value the same for both voltage 
rcadings. Furthermore, such ratio 
provides very nice curve for thick- 
ness measurement can seen 
from Figure where the ratio P,/P, 
used ordinates and thickness 
abscissae. Note the effect 
contact spacing the range 
the instrument. 

This commonly referred 
tle method “two- 
method, 
variation this 
in- 
sirument manufac- 
and marketed 
Scott, Belmont, 
Mass. the Scott in- 
provision 
the head for 
two-poten- 
tial reading. From this 
reading the effect 
can de- 
termined and multi- 
plier calculated. The 
four-point method 
then utilized, since faster, and 
readings are corrected application 
the factor. 


“Electroflux” modern instru- 
ment incorporating the latest devel- 
opments minimize thermal effects 
and other inherent errors. pow- 
ered 6-volt airplane storage bat- 
tery, and stable electronic ampli- 
fier used increase sensitivity and 
minimize errors potential read- 
ings. Five contact heads are pro- 
vided, giving the instrument range 
from 0.125 2.25 inches. Con- 


FIGURE 7 
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spacing) 
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tacts are arranged corners 
and the spacing usually 
approximately equal the thickness 
plate under inspection. 

With instruments utilizing this 
principle, metal thickness only 
obtained, and readings are not af- 
fected scale back-up liquid. 
The exterior surface should 
cleaned, however, and extreme care 
should taken make good con- 
tacts the head. 


Electrical Induction Methods 
The general principle employed 


Thickness Inches 


electrical induction methods test- 
ing has been known for years, and 
has been used the basis for wide 
variety instruments designed for 
described follows: 

nating magnetic field, there will 
induced that conductor electrical 
eddy currents the magnitude and 
pattern which are dependent 
three things: 1), the character- 
istics the magnetic field; 2), the 
electrical conductivity the con- 
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Probe Puller 


115 Volt 
Cycle 
A-C 


Indicator Recorder 


ductor, and 3), the physical char- 
acteristics, such dimensions 
the conductor. magnetic field 
known constant frequency, intensity 
and pattern applied conductor, 
the physical character the con- 
ductor can determined meas- 
uring the magnitude and pattern 
the resulting eddy currents. Because 
the electrical conductivity homo- 
geneous material fairly constant, 
variations these eddy currents 
are reliable indications structural 
flaws, such change granular 
structure, pits, cracks and variations 
dimensions. 


Construction details instru- 
ments utilizing this principle vary 
widely, design particular instru- 
ment usually being that most suit- 
able for the task involved. All such 
devices are similar, however, that 
each incorporates the three neces- 
sary components— electromag- 
netic exciting source: “pick-up” 
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FIGURE 8 


for detecting changes induced cur 
rents; and measuring element for 
indicating recording the magni- 
tude the changes. the instru 
resistivity, such stainless steel, 
usually some form electronic 
current pick-up and the final indi 
cating means. 

the many devices using this 
principle, few have been designed 
field inspection tools. One the 
most outstanding devices this type 
that designed, built, and 
Shell Development Company, 
Inc., and called the “Probolog.” 


Special Purpose Unit 


This instrument was designed for 
specific purpose, the non-destruc 
tive testing the tubes 
condenser without removing the 
tubes from the “bundle,” 
many cases, without removing 
“bundle” from the shell. This ac- 
complished making the test from 
the inside bore the tube. 
shows the three elements that 
make this device, and their 
rangement general test work. 


pr 
! 
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Both the energizing source and 
“pick-up” are incorporated 
probe “A” shown inside typical 
tube. This probe pulled along the 
tube uniform rate elec- 
trically-driven probe puller “B.” The 
probe connected cable the 
null-bal- 
anced, bridge-type indicator-recorder 
where the strip-chart record 
obtained. Since the rate 
probe puller synchronized with 
travel, this record profile 
the tube, showing metal removed. 
amount metal removed 
particular spot related 
and the length the damaged 
ection, well its location along 
length the tube can deter- 
from the record simple 
measurement. 


Wide Sensitivity Range 


Because may desirable re- 
only those tubes having flaws 
certain magnitude, the in- 
equipped with neon- 
indicating light having wide sensi- 
adjustment. This light may 
set flash faults certain size. 


The probe may then pulled 
through the various tubes until 
tube encountered having flaws ex- 
ceeding the desired minimum. rec- 
ord then made the tubes caus- 
ing the light flash, determine 
further the extent the flaws and 
the general condition the tube. 
The instrument equipped with 
stepped, wide range sensitivity ad- 
justment meet the needs vari- 
ous materials. Materials for which 
the instrument recommended in- 
clude practically all metallic con- 
ductors except the ferro-magnetic 
Although 


PLATE 


THICKNESS GAGES 


ments are possible present steel 
tubes with the instrument, its use 
general inspection tool for this 
service has not been perfected, and 
the manufacturer does not recom- 
mend for this purpose. 

This apparatus particularly use- 
ful detecting such insidious forms 
corrosion dezincification and 
other microscopic flaws. will de- 
tect flaws that are apparent only 
after considerable magnification un- 
der microscope. Some practice and 
experience with the unit are neces- 
sary for intelligent interpretation 
chart records. 


Penetrating Radiation Methods 

When beam penetrating ra- 
diation, such X-rays gamma 
rays, passed through section 
material, broken into two 
tvpes wave energy. Part the 
through the section, and the amount 
passing through will depend the 
initial penetrating power the beam 
well the density the material 
and the thickness the sample. The 
rest the beam will deflected 
scattered, and its penetrating power 
decreased the action the elec- 
trons that make the atoms the 
material. not totally absorbed 
the atoms, this 
emerge from the surfaces radia- 
tion having considerably lower pene- 
trating power than 
beam. Part this deflected radia- 
tion will emerge from the same side 
the sample that the primary beam 
entered, and this portion known 
back-scattered 


New Device Uses Gamma Radiation 
Primary Beam 

Industrial radiologists have for 

number vears utilized measure- 
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ment the residual beam—that is, 
ray absorption—in the form 
ray and gamma-ray photography, 
which quite common throughout 
Only recent years, 
however, has the principle radia- 
tion measurement been incorporated 
simplified instruments suitable for 
field use. The “Penetron,” device 
developed The Texas Company 
and marketed Engineering Labo- 
ratories, Inc., Tulsa, Okla., which 
utilizes gamma radiation pri- 
mary beam, excellent example 
since one its detector heads meas- 
ures back-scattered radiation and the 
other measures direct 


FIGURE 


The principle operation this 
unit may seen Figure The 
conventional head, which measures 
back-scattered radiation, utilizes one 
milligram commercially avail- 
able radium salt located the apex 
conical shield designated “S” 
the diagram. This source, “A,” emits 
beam radiation, designated “B,” 
which passes into the sample, with 
the resultant effects described previ- 
ously. The resulting back-scattered 
gamma-ray detector and 
causes the detector release pulses 
electricity proportional the rate 
which the gamma rays are re- 
ceived. These pulses are amplified 
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small pre-amplifier circuit built 
into the head, and are then trans- 
mitted over the connecting cable, 
usually feet long, the control 
station. the controi box, the 
pulses are again amplified, rectified 
direct current, and are measured 
final indicating means. 

The reading the microammeter 
dial directly related the density 
and thickness the sample. Since 
density involved, the instrument 
not calibrated directly 
ness, but used with curves for 
various materials that have been 
plotted from samples known thick- 
ness. Along with density, surface 
curvature the shape 
these curves; for instance, curve 
for 4-inch pipe will somewhat dif- 
ferent than one for steel plate 
equal thickness. 

Several different types clamps 
can supplied for holding the con- 
ventional head place, and pneu- 
matic clamp with extension handles 
available for use internal in- 
spection pipe and tubing. 
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When used with the tangential 
head, the same control box uses 
rect radiation absorption 
ness measurement, also illustrated 
Figure The radiation beam “B” 
passes directly through the sample 
the detector and the pulses 
are transmitted the control box 
described above. 

Curves similar those described 
earlier are plotted for various mate 
rials and thickness 
are obtained from the curves the 
same for the 
head. Curves for the two heads are 
not interchangeable. 

using the “Penetron” for gen 
eral inspection purposes, impor- 
tant remember that this instru- 
ment actually measures mass, and 
serious errors can result 
eign deposits, such process scale, 
samples being measured. Like- 
wise, not compensated for, liquids 
pipes tubes being measured 
can cause error. Furthermore, since 
radiation used, certain minimum 
necessary for reliable readings. 


Conclusion 


has not been possible dis- 
cuss all the instruments available 
for inspection services. The writer 
knows several, and there are 
doubtless others with which 
not familiar, deserving detailed 
discussion. However, include them 
would require much more com- 
prehensive and lengthy article. 
may, however, serve the engineer 
guide the general principles 
and characteristics available in- 
struments, and enable him select 
the device best suited his needs. 
can then contact the manufac- 
turer for more details. 


Pertinent information the 
devices discussed has been tabulated 
Table hoped that this tabu- 
lation includes most the important 
details that were necessarily deleted 
from the body the paper. Only 
those instruments available pres- 
ent are included. 

one salient fact 
pointed out. The information 
Table should serve supporting 
evidence for statement made 
the introduction, and reiterated 


here: “There all-purpose in- 
strument for the many inspection 
problems found industry today.” 
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Ferric lon Corrosion 


During Acid Cleaning* 


USE ACID solvents 

remove scale, sludge, corrosion 
products and other accumulations 
from heat-exchange units 
creased tremendously popularity 
during the last ten years. The con- 
tributing factors toward this trend 
are: the ability clean all parts 
unit without dismantling; 
savings outage and manpower; 
existence companies who offer 
complete acidizing service, and 
the research sponsored the serv- 
ice companies uncover new corro- 
sion inhibitors, methods opera- 
tion and solvents for deposits which 
are difficult remove. 


the course research along 
this line, type corrosion was 
uncovered which inherent the 
acid cleaning equipment that 
contains ferric oxide deposits. This 
corrosion “ferric ion 
corrosion the parent metal 
ferric ions from the iron oxides 
they reduced ferrous 


Most steel heat-exchange equip- 
ment using water steam becomes 
fouled with iron oxides the water 
side the unit. Magnetic iron oxide, 

% A paper presented at the Annual Meeting 


of NACE in Chicago, Ill., April 7-10. 1947, 
*The Dow Chemical Co., Midland, Mich. 
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pressure boilers. formed the 
water dissociation reaction: 


Red iron oxide Fe,O,, formed 
any boiler exchange unit 
uses water that has not been com- 
pletely 


During the acid cleaning heat- 
exchange unit, these iron oxides are 
disolved, forming ferric ion salts: 


However, the drain acid solutions 


give test for ferric ion; all the 
iron present the ferrous state. 


There are two reactions which re- 
duce the ferric ion ferrous: 


The hydrogen nascent state 
produced reaction iron with 
acid: 


Laboratory tests have proved 
these reactions take place simul- 
taneously during acid cleaning. Re- 
action [5] was shown occur 
corrosion tests which hydrogen 
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FERRIC ION CORROSION DURING ACID CLEANING 


TABLE corrosion and the ferric ion corro- 


Fe,0, Removed from Utility Boilers by Acid sion is not excessive. 
Cleaning 


search was begun for some 
method reducing eliminating 
Dissolved per ferric ion corrosion that acid 


Surface 


Area 
number ways were immediately 
720 
steel shavings the top drum 
265 the boiler being acid cleaned. The 


evolution measurements were acid solution would favor reduc- 
amount hydrogen produced tion ferric ions the scrap metal 
the reaction inhibited acid instead the metal the unit. This 
‘eel materially reduced when method was actually put test 
erric salt ferric oxide added cleaning boiler, but analysis 
the acid. Tests have shown the solutions showed reduction 
hydrogen evolution can effected 
the presence ferric salt. Circulating the acid solvent 
Equation [6] shown through cartridge filled with 
the increase corrosion steel substance capable reducing ferric 
inhibited acid when ferric ions ions ferrous. The suggested re- 
are present. From reactions [5], [6], ducing agents were iron tin 
and [7] obvious that the eco- 
nomic loss metallic iron. Adding some compound di- 
The acid corrosion inhibitor which the acid, which would re- 
protects the metal from attack duce combine with the ferric ion 
acid has restraining effect the immediately was formed and be- 
corrosion the metal the ferric fore attacked the parent metal. 
ions. The extent the ferric ion method was the most promis- 
corrosion dependent entirely ing due its advantage dispers- 
the amount ferric iron oxides dis- the reducing agent throughout 
solved. (See Table I). The present entire unit. 
methods acid cleaning are con- Specifications were established and 
trolled that the sum the ferric ion reducing agents were 


TABLE 
Corrosion Rates ft./day Mild Steel inhibited Solutions for Hours 


2.5 HCl 5% HCl 1€% HCl 

Grams Grams | — - - 

Glyoxal Fes04 135° F. 150° F. 175° F. 135° F. 150° F. 175° F. 135° F. 150° F. 175° F. 
0.0 0.0 007 008 030 010 014 025 018 024 052 
0.0 1.5 010 012 040 021 027 031 025 033 059 
0.6 1.5 .009 O11 085 017 027 023 021 025 .050 
1.2 1.5 .008 .008 .029 016 022 .020 021 .024 1049 
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TABLE 


Glyoxal Ferric Reducing Agent with 
Various Acid Corrosion Inhibitors. Tests 
170° 10% HCI Mild Steel. 


LBS./SQ.FT./DAY 
0.0 g. 2.4 2.4 
INHIBITOR 
0.08. 0.0 g. 1.2 g. 
Glyoxal | Glyoxal | Glyoxal 


F Nitrogen base. .048 079 .062 
G Nitrogen base. 029 .053 043 
H Aldehyde- 

amine con- 

densation 

product..... .089 097 
I Sulfoxide..... 016 052 .044 
J Mercaptan... . 017 090 055 
K Nitrogen base. .044 077 044 
L Nitrogen base .060 086 055 
N Aldehyde + 

nitrogen base 055 121 .097 
0 Aldehyde + 

nitrogen base 045 053 
Nitrogen base. 045 .062 .045 


rated their ability meet them 
follows: 

Ability largely decrease 
eliminate ferric ion corrosion 
cleaning heat-exchange equipment. 

High solubility hydrochloric 
acid solutions. 

Compatibility with hydrochlo- 
ric acid, metal, acid 
hibitors and all other agents used 
acid cleaning. 

Non-toxic, itself its by- 
products. 

any objectionable tars, gases, odors 
solids during acid cleaning. 

Ease handling—preferably 
liquid having lower freezing point 
than water and fairly low vapor 
pressure. 

Economically feasible. 

Glyoxal, dialdehyde, 
was found the most desirable 
all the compounds tested. 
good reducing agent, soluable 
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TABLE 


Organic Materials Tested for Ability 
Reduce Ferric 15% HCI. 


4.0 grams Fe304 added to 300 g. 15% HCl at 
150° F. with stirring. Twice the theoretical 
amount of organic reducing agent was added. 
Oxidation potential measured with platinum- 
calomel cell just before addition of organic 
material and after 30 minutes. 


Compound 


Hydroquinone. . 

Phenyl! hydrazine 

Bensaldehyde................- 470 
Butadiene sulfone............. 470 455 
Chloral hydrate............... 470 470 
Crontonaldehyde.............. 470 470 
Formaldehyde. .«............. 470 465 
p-Hydroxyazobenzene......... 465 465 
Hydroxylamine............... 470 470 
Naphthenic acid.............. 470 470 


Phloroglucinol................ 470 470 
470 470 
Triphenylchlormethane........ 470 470 


E1 =Initial oxidation potential in volts. 
E2=Final oxidation potential in volts. 


hydrochloric acid solutions, easy 
handle, not toxic, and forms 
objectionable by-products. 

Glyoxal available commercially 
approximately percent wa- 
ter solution, This solution yellow, 
slightly viscous, and has specific 
gravity 1.2. 

The main reaction glyoxal with 
ferric chloride appears fol 
lows: 


H-C=O 


HCOOH 

Ferric chloride reduced ferrous 
chloride, while glyoxal oxidized 
formic acid. All these com 
pounds are soluble the acid solu 
tions and way interfere with 
the normal acidizing procedure. 
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Glyoxal 


REDUCTION 
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DAY 


10% 0.4% 
HRS. 
VOL. TEST 


= 


2.0 


3.0 


GMS. ADDED 


Method Testing 


The laboratory testing technique 
was based the ability com- 
pound decrease the corrosion 
steel test specimens 
acid solutions contain- 
ing iron oxide. 

The corrosion tests were made 
duplicate eight-ounce, wide-mouth 
glass jars. One hundred fifty 
ters acid solution 
arbitrary concentration and 
inhibitor were placed the jar; the 
jar was covered with watch glass 
and placed constant tempera- 
ture bath. The temperature the 
acid solution was allowed come 
equillibrium the temperature 
bath. Then reagent grade 


and the ferric ion reducing 
agent were stirred into the acid. 
Mild steel test strips were added 
immediately and the tests allowed 
remain undisturbed for hours. 


The test specimens were prepared 
S.A. 1010 steel stock, which was 
sawed into pieces 234 inches 
inch These pieces were 
stamped with number dies for iden- 
tification, sand blasted, 
desiccator. Test specimens were 
weighed one milligram before and 
after testing. 

After the test, the specimens were 
rinsed water, scrubbed clean with 
scouring powder and dental plate 
brush, rinsed water and acetone, 
dried and re-weighed. 
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The corrosion rate was calculated 
pounds iron lost per square 
foot per day from the following 

3.2 (grams lost) 


(Original weight strip grams) 
Ibs. lost/sq. ft./day 


This equation was based upon the 
premise that since the width and 
thickness all strips were alike, the 
surface area the specimens was 
directly proportional the original 
weight the strips within the accu- 
racy the test. 


Laboratory Data 


Figure illustrates the effect 
and glyoxal the corrosion 
rates steel inhibited hydrochlo- 
ric acid. The corrosion rate was in- 
creased considerably the addition 
Fe,O,, but this ferric ion corro- 
sion was entirely eliminated the 
subsequent addition glyoxal. The 
corrosion rate the inhibited acid 
plus Fe,O, can reduced below 
that inhibited acid alone the 
addition glyoxal. 

Glyoxal effective over wide 
range temperature and concen- 
trations hydrochloric acid. Table 
shows data 135 175° F., and 
hydrochloric acid concentrations 
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TABLE 
Aldehydes Reducing Agents 


Coirosion Tests in 10 Percent Inhibited Hydr»- 
chloric Acid on Mild Steel for 16 
hours at 175° F. 


| Corrosion 
Rate 
Lbs. /Sq. Tar 
g. FesO4 g. Aldehyde Ft./Day | Formation 

1.5 34g. .039 None 
1.5 4.0 g. formaldehyde. 042 None 
1.5 4.0 g. acetaldehyde... .. .037 Some 
1.5 | 4.0¢g. crotonaldehyde. .. 023 Heavy 
1.5 4.0g. benzaldhyde.......| Some 
1.5 | 4.0 g. furfuraldehyde..... 039 Very Hvy. 
1.5 4.0 g. phenylacetaldehyde 038 Some 
2.4 1.5 g. chloral......... None 
2.4 2.0 g. chloral hydrate. ... 083 None 


2.5 percent, which are the 
limits acid cleaning conditions for 
unit containing normal iron oxide 
deposit. Laboratory tests have shown 
glyoxal effective even per- 
cent hydrochloric acid. The 
sion rates (Table II) changed very 
little lower temperatures when 
Fe,O, glyoxal was added. This 
was due the limited solubility 
acid solutions. 

Glyoxal can used with most 
commercial acid 
tors (Table more efficient 
with some than others, but all 
cases did reduce some the fer- 
ric ion corrosion. Glyoxal, however, 
was useless when tested per- 


TABLE 


Other Reducing Agents 


INHIBITOR 


INHIBITOR 


Reducing Agent 


ee 044 | 


| 

| 

| 

| 
| 

| 


044 076 112 
64 | .069 053 070 

075 


Corrosion Rates in lbs./sq. ft./day at 175° F. 


au 


| cen 
was 
ben 
| | : 
Bor 
1.2 g. Catechol. . 
ee 1.0 g. Hydrazine sulfate................. dri 
| | | | 
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cent concentrations sulfuric, ni- 
tric and phosphoric acid solutions. 

After the above laboratory work 
wis completed, glyoxal was added 
inhibited hydrochloric acid dur- 
ing the acidizing three-drum, 
bent-tube boiler. 
lois percent inhibited hydro- 
loric acid 165° into the boiler. 
‘ty gallons percent glyoxal 
ution was proportioned into the 
acid. The solution was al- 
remain the boiler for 
hours before was drained. 
mples the drain indicated that 
percent the glyoxal was oxi- 
the ferric ions. This 
the saving 83.2 pounds 
iron the boiler being cleaned. 


Data Other Compounds 
Before glyoxal was tried, consid- 
data had been accumulated 

various other compounds. Table 
lists group organic com- 
pounds which were tested for their 
ferric ion reducing properties 
measuring the oxidation reduction 
Pyrogallol and phenyl hy- 
drazine are the two compounds 
this group which showed the great- 
est promise. Pyrogallol 
shown erratic reducing 
agent tests, while 
phenyl hydrazine proved very 
good and has been 
fully acid cleaning Phe- 
hydrazine has the disadvantages 
high toxicity and cost. 

Phenyl hydrazine extremely 
toxic and would hazardous 
use, although the phenyl hydrazine 
hydrochloride which formed im- 
mediately upon its addition hy- 
drochloric acid considerably less 
toxic. the above-mentioned boiler 
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treatment, 260 pounds phenyl 
hydrazine were added 10,000 gal- 
lons inhibited percent acid. 
Fifty percent the phenyl hydra- 
was oxidized benzene and 
nitrogen, equivalent saving 
135 pounds iron the boiler. 

Aldehydes, general class 
organic compounds, have been 
known reducing agents for 
long time. Upon investigating the 
more commonly known compounds 
this group (Table V), was 
found that the aldehydes higher 
molecular weight deposit some tar 
the surfaces the strip and test 
container. The amount tar formed 
varied with the compound. 

Besides the aldehydes, other 
known reducing agents were tried. 
All the compounds listed Table 
were somewhat effective, but 
not efficient glyoxal. 


Conclusions 


definite need exists for ferric 
ion reducing agent lessen the cor- 
rosion heat-exchange equipment 
during acid cleaning. Glyoxal, 
dialdehyde, has been shown labo- 
ratory tests effective and 
economically feasible ferric ion re- 
ducing agent. Its use acid clean- 
ing boiler has been successful, re- 
sulting saving metal. Phenyl 
hydrazine also very efficient 
ferric ion reducing agent, but 
highly toxic and must handled 
accordingly. 
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Electrochemical Factors Underground 
Corrosion Lead Cable Sheath* 


Albano* 


TRAY CURRENT the princi- 

ple cause corrosion failures 
underground telephone cables 
most cities where trolleys are op- 
erated. mitigate this condition, 
the cable sheaths are “drained” 
the negative return system the 
traction system. this means not 
only the stray current anodic area 
largely eliminated, but the cables 
automatically become negative 
earth, and therefore are cathodically 
protected. The cathodic protection 
afforded this manner prevents 
other types corrosion 
curring. With the gradual abandon- 
ment trolley systems, and with 
the extension underground ca- 
bles into non-trolley areas, the per- 
centage underground telephone 
plant receiving this protection de- 
creasing. result, the problems 
lead corrosion due such causes 
galvanic and local cell action 
various types, and chemical action 
substances the soil are becom- 
ing more prevalent. the pur- 
pose this article review some 
the basic principles corrosion not 
involving stray currents, and show 
how they apply the problems 
lead cable sheath corrosion. 


% A paper presented at the Annual Meeting 
of NACE in Chicago, Ill., April 7-10, 1947. 

* Technical Staff, Bell Telephone Laborato- 

ries, Ine, Murray Hill, N. J. 


The corrosion lead soils, like 
dium, the result electrochemical 
action occurring the surface 
the metal. Differences 
existing the metal surface 
result some chemical physical 
inhomogeneity the metal its 
environment set minute galvanic 
cells, and the current resulting from 
the operation these cells causes 
corrosion. 

The first quantitative expression 
for the relation between corrosion 
and current flow had its origin 
the work Michael Faraday 
1834. If, usually the case, cor- 
rosion the only reaction which 
occurring the anode corro- 
sion cell then, Faraday’s law, the 
rate corrosion the particular 
metal involved directly propor- 
tional the current flowing. That 

roded grams, 
seconds, 
constant. 

The constant known 
electrochemical equivalent the 
metal, different for each metal. 
the amount material dis- 
solved deposited during 


cor- 
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ELECTROCHEMICAL FACTORS 


sis the passage one coulomb 
electricity. Since requires one 
Faraday (96,500 coulombs) dis- 
solve one chemical equivalent 
metal, then: 
Atomic weight the metal 
Valence change 96,500 
The value for lead, when it. cor- 
form bivalent lead ions, 
10% grams per coulomb. 
using equation [1] and know- 
ing that lead has density 11.34 
can calculated that the lead 
were being corroded current 
0.1 milliampere operating over 
surface one square inch area, 0.018 
metal would lost one 
vear. 


the above equation, 
law, where the operating 
voltage the corrosion cell and 


its overall circuit resistance; 
therefore 


This equation applies the case 
where only simple two-electrode 
cell operating. Actually, innumer- 
able cells exist the surface 
corroding metal, and attendant 
mutual interaction among the elec- 
trodes renders mathematical treat- 
ment the problem quite difficult. 
However, the factors which affect 
and the simplified case would 
affect, the same manner, the cor- 
responding quantities any more 
generalized equation. While more 
generalized treatment would 
theoretical interest, the feasibility 
applying such relationship quanti- 
tatively cases involving soil cor- 
rosion negligible because the 
complexity and 
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ture the variables involved. The 
simplified nevertheless 
very useful qualitative guide 
understanding the rate controll- 
ing factors. 

Expressed words instead 
symbols, may said that the 
rate corrosion any given metal 
directly proportional the driv- 
ing forces, electromotive forces 
the corrosion cells, and inversely 
proportional their overall circuit 
resistance. 


Basis EMF Series 

The driving forces, initial elec- 
tromotive forces the corrosion 
cells arise from chemical physi- 
cal inhomogeneities the metal 
its environement. These driving 
forces have their basis the well- 
known emf. series which applies 
specifically solutions which 
the metal ion concentration nor- 
mal. The following are some the 
more common causes potential 
differences due inhomogeneities 
the metal: 

positive (more noble) met- 
als, metal oxides. 

Differential strains. 

Differential grain sizes. 

Differential 
crystal faces the surface 
the metal. 

the four metal factors indi- 
cated, the first the most impor- 
tant insofar corrosion lead 
cable concerned. Inclusions 
lead oxide may occur during the 
process extruding lead sheath. 
these inclusions happen settle 
the surface the sheath, they will 
set corrosion cells which the 
adjacent lead anodic the oxide. 
Also lead which has tarnished 
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become coated with thin film 
corrosion products will cathodic 
nature clean, bright lead, and 
promote its corrosion. The potential 
set under these conditions suf- 
ficiently large cause corrosion 
hazard exist for new cable when 
bonded older cable, and 
run parallel the underground 
conduit system. Inclusions the 
lead may also occur result 
metal particles becoming inadver- 
tently embedded the sheath dur- 
ing handling and installing opera- 
tions. The corrosion cells thus ini- 
tiated will hazardous the lead 
the embedded metal more noble 
than lead. Another possible source 
contamination develops when the 
cable immersed electrolyte 
containing dissolved salts more 
noble metal. Therefore, the water 
manhole duct contains dis- 
solved copper, copper will de- 
posited the lead, thereby setting 
lead-copper corrosion cell. The 
potential differences established 
cells the inclusion type may 
the order 0.5 volt, which 
quite appreciable. Because the 
localized nature such cells, the 
corrosion which occurs the pit- 
ting type, and therefore more seri- 
ous than uniformly distributed cor- 
rosion. 


Pitting Most Serious Type 
Corrosion 


Potential differences due dif- 
ferential strains are not likely 
exist lead since soft metal 
and relieves itself strains very 
readily. Differences grain sizes, 
and orientation surface crystals 
are responsible for the existence 
aumerous very small potential dif- 
ferences the surface the lead. 
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However, corrosion from cells this 
type would uniformly distributed, 
and therefore not serious cor- 
rosion the pitting type. 


Environmental Factors 


Among the more important inho- 
mogeneities the environment which 
cause potential differences appear 
the surface lead cable under- 
ground are: 

Differences electrolyte 
concentration. 

Differences 
composition. 

these environmental factors 
those involving corrosion cells 
created differences oxygen con 
centration are more prevalent thar 
those due metal ion differences 
and they are capable producing 
much greater potential than cells 
the metal ion difference type. this 
latter type cell, potential 
ference only 0.03 volt results 
the case lead contact with two 
solutions whose lead ion concentra- 
tions differ tenfold, the specimen 
the more dilute solution being ano- 
dic. differential oxygen cell 
using lead electrodes, potential dif- 
ferences 0.1 volt have been meas- 
ured. this type cell the metal 
area contact with the electrolyte 
having the lower oxygen concentrat- 
tion the anode. 

When lead immersed elec- 
trolyte which does 
contain any lead ions, some lead ions 
will formed the instant the 
comes contact with the solution 
The potential the metal 
then determined the 
tration the metal ions which forn 
around it. Because the number 
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ions produced depends the nature 
and concentration the electrolyte, 
not always possible such 
cases predict the effect the 
electrode potential variations 
the concentration the electrolyte. 
many cases, the electrode the 
more concentrated electrolyte will 
anodic the electrode the di- 
lute concenertation. This direct 
contrast the case where the elec- 
trolyte consists solution ions 
the metal involved. 
the United States Department 
Commerce, National Bureau 
standards, has found that section 
pipeline which passes through 
high conductivity (and there- 
high electrolyte concentration) 
anodic section which passes 
through adjacent region where 
the soil low conductivity. 


Aeration Cells Common Cause 
Corrosion 


Differential oxygen aeration 
cells exist many forms, and are 
common and serious cause cor- 
rosion lead cable sheath. large 
gob inert matter saturated with 
electrolyte and resting cable 
constitutes differential aeration 
cell which the area beneath the 
gob less accessible the air, and 
consequently anodic the sur- 
rounding area. Coarse particles 
sand, and drops electrolyte con- 
tact with the sheath produce 
similar result. 

Differential aeration cells are also 
formed when small crevices exist 
crevice anodic the outer, more 
aerated area and consequently tends 
corrode. For this same reason 
corrosion pit, once started, tends 
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self-perpetuating, particularly 
contains corrosion products. Also, 
when cable partly immersed 
solution, corrosion may occur just 
below the water line because the 
differential aeration cell existing 
there. The electrolyte the inter- 
face between solution and air 
richer oxygen than the solution 
directly below it, that the metal 
area just below the water line 
anodic the metal just the water 
line, and consequently will corrode. 
Differential aeration cells may also 
form when loose duct packing such 
duct openings. 


Polarization and Working Voltage 
Corrosion Cells 


The inhomogeneities which have 
been discussed are the causes the 
corrosion-cell voltage. However, 
during the operation such cell, the 
actual working voltage less than 
the open-circuit voltage because 
polarization which occurs either 
both the anode and cathode arcas. 
Polarization caused electro- 
chemical changes resulting the 
accumulation the products elec- 
trolysis the electrode-electrolyte 
interface consequence current 
tromotive force which increases 
the current increases. There are four 
sets polarization conditions which 
may affect the working voltage 
sented Figure Cell neither 
the anode nor the cathode appre- 
ciably polarized and consequently 
the working voltage high even 
high current densities. Cells and 
show the conditions which the de- 
crease working voltage due al- 
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cell 
Cathode 


CURRENT DENSITY 


CURRENT DENSITY 


Figure 1—Types polarization corrosion cells. 


most entirely anode and cathode 
polarization, respectively. Cell 
the working voltage decreases very 
rapidly with increasing current dens- 
ity since both electrodes undergo 
marked polarization. 

the cathode areas, polarization 
may occur result the accumu- 
lation atomic hydrogen. The extra 
potential required liberate the gas 
molecular form called the hy- 
drogen overvoltage, and varies con- 
siderably with 
Since the hydrogen overvoltage 
lead about 0.5 volt, cathode polar- 
ization from this cause can im- 
portant factor reducing the cur- 
rent flow corrosion cells. the 
presence oxygen oxidizing 
agents, hvdrogen ions are discharged 


much more readily, thereby decreas- 
ing polarization and stimulating cor- 
rosion. 

the anode, the principal cause 
metal ion concentration which takes 
place because the slowness with 
which these ions migrate away. This 
higher metal ion concentration 
causes the electrode potential the 
anode become more 
tive (more noble) thus decreasing 
the working voltage the corrosion 
cell and thereby retarding corrosion. 
the electrolyte which the 
operating contains anions 
forming insoluble compounds 
with the metal ions, precipitation 
such compounds will occur soon 
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reached. This 


tation may take place 
such intimate con- 
tact with the anode 
areas that they be- 
come shielded from 
the corrosive envi- 
ronment and are con- 
sequently protected 
from further attack. 

Lead withstands 
the corrosive action 
soils 
cause the presence 
therein numerous 
stinces. 
sulfates and 
carbonates form insoluble films over 
the anode areas and tend shield 
them from further attack. After 
these anode areas have 
tected, other areas which were less 
anodic, turn become covered with 
film until eventually all but the 
small residual cathodic areas are 

The results experi- 
ment showing the progress the 
formation sulfate film speci- 
men lead-antimony (1.0 percent) 
cable sheath alloy when partially im- 
mersed normal sodium sulfate 
solution are shown Figure The 
break the initial potential lead 
after about minutes indicates that 
sulfation approaching completion. 
the end minutes the process 
practically complete, and the po- 
tential measured that the resid- 
ual cathode areas. 

The effect silicates prevent- 
ing the corrosion lead especially 
notable. little parts per mil- 
lion sodium silicate will reduce 
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tenfold the corrosiveness distilled 
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cable sheath alloy normal sodium sufate. 
Figure 2—Sulfation-time curve. 


water. The illustrations Figure 
show that New York City tap water, 
which contains only about parts 
per million dissolved substance, 
hardly corrosive lead, whereas 
distilled water, which 
forming substances, corrodes lead 
very readily. 


Silicates Most Effective 


The protective effect sulfates 
not pronounced that sil- 
icates, probably because the greater 
solubility lead sulfate results 
more porous film. Soil carbonate 
also exercises protective action 
similar silicates and sulfates, but 
its effectiveness reduced because 
the solvent action carbon diox- 
ide, which usually exists the un- 
derground cable plant higher con- 
centrations than the atmosphere. 

Film formation may also occur 
the cathode areas underground 
cables result the precipitation 
these areas colloidal particles 
silt, clay organic matter which 
exist the soil. This deposition oc- 
curs cataphoretic action which 
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the positively charged colloidal par- 
ticles migrate the cathode areas, 
become discharged and deposit 
the sheath. Calcium bicarbonate, 
present the soil electrolyte, may 
cause calcium carbonate film forma- 
tion over the cathode areas. The 
cathodic reaction first produces cal- 
cium hydroxide, which then inter- 
acts with the bicarbonate pre- 
cipitates film calcium carbonate 
the cathode areas. 


Not All Soil Protective 


All soil constituents not have 
protective action lead. There 
are some which cause serious accel- 
eration corrosion. these oxy- 
gen, nitrates, organic acids, and al- 
kalis are the most often encountered. 

Oxygen and nitrates act cath- 
ode depolarizers facilitating the 
discharge hydrogen ions the 
cathode areas. this action, in- 
crease the working voltage the 
corrosion cells caused, resulting 
increased rate corrosion. 
While the depolarizing action ac- 
counts for the increase corrosion, 
very often the physical process 
getting the depolarizing agents 
the electrodes that determines the 
rate which depolarization will oc- 
cur. this connection, the texture 
the soil important factor, be- 
cause soils coarse texture, such 
sands, will allow more rapid pene- 
tration air and soil electrolyte 
the metal, and thus stimulate cor- 
rosion. 


Organic acids are capable caus- 
ing serious corrosion lead. Acetic 
acid sometimes encountered 
underground cable plant, since 
may exuded from certain types 
wood conduit they are subjected 
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the presence Although 
weak acid, capable causing 
serious damage lead cable, partic- 
ularly the presence oxygen and 
carbon dioxide. The oxygen which 
present the environment pro- 
motes corrosion depolarizing the 
cathode areas. the same time car- 
bon dioxide, which invariably exists 
the underground plant, reacts 
with the lead acetate formed the 
anode areas produce 
bonate, which insoluble. The lead 
carbonate produced does not form 


Figure Effects silicates preventing cor- 

rosion lead. Left, lead distilled water. Right, 

New York tap water containing about ppm. 
dissolved substances. 
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film close contact with the 
lead and consequently not protec- 
tive. The carbon dioxide, this role, 
acts anode depolarizer, because 
tends maintain low concen- 
tration lead ions around the 
Because the depolarizing 
action these two gases, corrosion 
proceed rapid rate. ad- 
depolarizing the anode, the 
carbon dioxide, reacting with the 
acetate, regenerates acetic acid, 
can again attack the lead. Be- 
this cycle can continue indefi- 
small amount acetic acid 
cause extensive cable corrosion. 


Formation Alkali 


atiack strong alkalis well 
acids. the underground cable 
plant, alkali may formed during 
periods when the cables are exces- 
sively negative earth, may 
encountered when concrete 
the vicinity the cables. 
either case, corrosion cells are set 
which sodium calcium hydrox- 
ide constitutes the electrolyte. The 
course the corrosive action will 
depend great extent upon the 
arrangement the components 
the corrosion cell. Thus the cable 
completely surrounded electro- 
lyte, uniform attack the sheath 
will occur, since this case corro- 
sion the result the operation 
innumerable minute cells the 
surface the metal. Under these 
conditions, lead goes into solution 
When the solution adjacent the 
becomes saturated with these 
compounds, lead monoxide will be- 
gin out colors vary- 
ing from yellow orange red. 


Lead carbonate will form also be- 
cause the concurrent action 
carbon dioxide the plumbite solu- 
tions and the lead monoxide. 
the field, the conditions encountered 
most often are those which por- 
tions the cable are contact with 
moist duct rest shallow pools 
stagnant electrolyte. this ar- 
rangement, concentration cells, 
differential aeration cells are estab- 
lished which the anodic areas will 
undergo severe corrosion the pres- 
ence the alkaline electrolyte. Even 
the cathodic areas these cells may 
subject slow attack the al- 
kali which accumulates there. Corro- 
sion these areas usually wide- 
spread but not deep, and will possess 
the characteristic orange-red colored 
lead monoxide corrosion products. 
Figure shows the differential aera- 
tion type attack which occurred 
when glass beads moistened with 
sodium hydroxide rested lead 
plate. The areas just outside the area 
contact the beads and lead are 
cathodic and are covered with the 
red form lead monoxide. 

The actual corrosion lead 
soils rarely single, clearly de- 
fined process. Several reactions may 
occur either simultaneously con- 
secutively, and the net effect will de- 
pend the nature and relative 
amounts the various reacting con- 
stituents. 

For convenience, the soil constitu- 
ents involved corrosion may 
classified either protective cor- 
rosive agents. The protective agents 
are usually those substances which 
polarize the electrodes which 
form films them. The corrosion 
promoting agents are usually those 
substances which depolarize the elec- 
trodes which form soluble corro- 
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sion products with the metal. 
the ratio the concentration pro- 
agents corroding agents 
which determines the rate which 
will occur and the 
character the attack. this ratio 
high, the lead sheath will pro- 
tected; low, corrosion will 
and will probably uni- 
nature. Intermediate values 
this ratio indicate that only partial 
protection afforded the film- 
agents, and consequently 
ived nature resulting pitting 


Factors Involved 


The balance between polarization 
and depolarization the anodes and 
cathodes corrosion cells deter- 
mines their working voltage, but this 
factor alone does not determine the 
rate corrosion. The resistance 
internal and external circuits 
the cells involved must also taken 
consideration since these con- 
stitute the obstructions the flow 
current. The external resistance 
the short metallic path between the 
anode and cathode areas and usu- 
ally low compared the other 
parts the circuit that does not 
have any controlling influence 
the current flow. The 
sistance composed the resist- 
ance the electrolytic path between 
anode and cathode areas plus the re- 
sistance any protective film exist- 
ing either electrode. film 
exists, then the current flow deter- 
mined solely the resistance the 
electrolyte. When protective films 
exist, their resistance usually 
high compared the other parts 
the that they exercise almost 


complete control over the corrosion 
current. 


Ideal Situation 


The complete prevention corro- 
sion would require the eradication 
all corrosion cells from the surface 
the metal. This could accom- 
plished were possible remove 
all heterogeneities from both the 
metal and its environment. Spectro- 
scopically pure resistant 
attack pure hydrochloric acid for 
this reason. While such ideal set 
conditions cannot expected 
actual practice, still most the pro- 
tective measures which have been 
devised owe their effectiveness 
the application the principle 
preventing the formation and opera- 
tion corrosion cells. 


Keep Out Moisture 


Because electrolyte abso- 
lutely essential for the operation 
cell, possible eliminate cor- 
rosion underground lead cables 
keeping the environment dry. 
usually not feasible maintain 
the surroundings completely dry, but 
the environment immediately adja- 
cent the lead sheath could kept 
free from electrolyte the use 
impervious coatings rubber 
plastic materials. This method 
protection used where the sur- 
roundings are extremely corrosive. 
The use coatings which are not 
impervious water also help reduce 
corrosion maintaining uniform 
electrolytic medium around the cable 
sheath, thus tending eliminate 
corrosion cells caused heteroge- 
neity the environment. 

reduction corrosion can also 
effected altering the environ- 
ment that the ratio protecting 
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agents corroding agents in- 
creased. This may done adding 
film-forming substances the en- 
vironment amounts sufficient 
maintain adequate supply all 
times. Needless say, the elimina- 
tion corroding agents possible, 
this should the first step taken 
obtain more favorable ratio pro- 
tecting agents corroding agents. 
The cathodic protection method 
coping with corrosion present 
receiving widespread attention. 
depends upon making the cable 
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cathodic with respect 
roundings. Protection obtained 
this means when the cathodes the 
corrosion cells are polarized the 
open-circuit potential the anodes.’ 
Under these conditions corrosion 
current can flow, since 
difference exists the metal surface 
using this method for protecting 
lead cables, the sheath must not 
made excessively negative eartl 
since the alkali which forms 
these conditions may capable 
attacking the cable. 
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Discussion 
Denison* 


The constituents soils which ac- 
celerate the corrosion rate lead 
are considered the author 
oxygen, nitrates and organic acids. 
Under special conditions, the 
case overprotection cathodically, 
the alkali produced the lead sur- 
face may, course, cause serious 
corrosion. the other hand, the 
soluble materials soils which tend 
inhibit the corrosion lead 


* Underground Corrosion Section, National 
Bureau of Standards, Washington, D. C. 


causing the formation difficultly- 
soluble films are considered 
silicates, sulfates and carbonates. 
Films calcium carbonate formed 
carbonate ions the local cathodes 
likewise tend inhibit corrosion, 
probably partially excluding oxy- 
gen from the cathodic areas. 

The data which have been ob- 
tained the National Bureau 
Standards the course its exten- 
sive investigation corrosion 


Cc 

5 

© 
) 
soil 
con 
the 
} ir 
il 
sulf 
nun 
The 
ure 

| 
2 of- 
| 

16} 
ae 


Oct., ELECTROCHEMICAL FACTORS CORROSION 


Figure 


Effect 


chlorides and 
lead. 


sulfates on 
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ils generally confirm the author’s 
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shown plotted against the period 


concerning the effect The high corrosion rate 
rious environmental conditions approximately 0.3 ft/yr for the 
corrosion lead underground. muck soil certainly ascribed 
For example, acceleration the its high total acidity 28- milli- 
rosion lead organic acids hydrogen ion per 
soils and inhibition corrosion 100 grams soil; while the very low 
sulfate ions have been observed rate 0.04 ft/yr the tidal 
number the Bureau test sites. marsh, containing even 
These effects are illustrated Fig- amount ionized hydrogen and 
specimens lead cable sheath resulted from the marked inhibiting 
removed from several test sites high concentrations sul- 
fate and chloride 
Figure ions. That inorganic 

: | imorganic soils on corrosion of lead | acids derived trom 
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Effect of carbonotes on corrosion of lead 


20 Figure 3 
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high concentrations chloride and 
sulfate ions soils. 

The inhibiting effect carbonate 
ions the corrosion lead soils 
illustrated loss weight-time 
curves for specimens lead cable 
sheath removed from two test sites 
the Hanford silt loam (Figure 3). 
The presence and absence alkali 
carbonate the two sites indi- 
cated, course, the values 
9.5 and 7.1. Although 
four years only were obtained from 
the alkali-containing soil, there 
doubt that the corrosion rate this 
site was greatly reduced the al- 
kali present. 

Albano properly 
importance differential aeration 
factor the corrosion lead un- 
derground. However, his inference 
relative the effect soil texture 
the rate corrosion lead not 
borne out the Bureau data. 
fact, these data, considered 
whole, lead the opposite conclu- 
sion—namely, that with ferrous 
metals, the corrosion lead 
greater poorly aerated soils than 
well aerated soils. Figure for 
example, the corrosion lead 
seen severe the very poorly 
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Effect of aeration on 
32 corrosion of lead 


26 Figure 4. 
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aerated Sharkey clay, but 
slight the well aerated 
silt loam. The curves for the muck 
soil (Figure and for silt 
loam and the Dublin clay adobe, 
(Figure 2), also illustrate the corro 
siveness poorly aerated soils 
respect lead. long the rate 
corrosion lead determined 
the rate which the cathodic re- 
lows that the more permeable the 
soil air, the higher will the cor- 
rosion rate. But oxygen excess 
that required for depolarization 
the cathode apparently exerts in- 
hibiting effect the anode reaction, 
with the result that the overall cor- 
rosion rate low. Here again the 
analogy between the corrosion 
lead and the corrosion ferrous 
metals with respect differential 
aeration may noted. The fact that 
severe corrosion ferrous metals 
most generally associated with poor 
aeration indicates that oxygen, while 
accelerating the corrosion rate the 
local cathodes, has inhibiting 
fect the anodes. 
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Principles Immersion and Humidity Testing 


Metal Protective Paints* 


Elm* 


ERHAPS the most difficult task 

confronting the paint test engi- 
neer the determination the 
‘durability” organic protective 
‘oating, that is, the protection 
under conditions actual 
service. The majority painted ar- 
ticles are subjected wide variety 
external influences which may 
‘ary over relatively wide range 
that becomes very difficult 
study the effect produced each in- 
dividual factor, any combina- 
correlate the results into reliable 
picture the value the paint 
protective medium. 


One solution this problem con- 
sists actual service tests ex- 
tended scale and the application 
statistical methods the exposure 
results. this case, particular 
effort need made controlling 
studying the effect produced all 
variables individually, but 
ciently large number tests must 
conducted that the final aver- 
age values arrived will have taken 
into consideration all kinds, degrees, 
and combinations variable condi- 
tions. Despite its many advantages, 


% Reprinted by permission from ASTM Bulle- 
tin, 142, 9-27, Oct. (1946). 

* Research Division, Technical Department. 
The New Jersey Zine Company (of Pa.), Palmer- 
ton, Pa. 
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actual service testing, however, 
cannot always employed for sev- 
eral reasons, the most important 
which lack time and suitable 
test surfaces. Therefore, the paint 
test engineer forced resort 
less time-consuming laboratory 
methods and for this reason 
greatly interested establishing the 
reproducibility and validity lab- 
oratory tests. 

There proved even gen- 
erally accepted laboratory test pro- 
cedure which would make pos- 
sible state unequivocally that 
given paint will will not serve the 
purpose for which intended, and 
frequently necessary design 
special testing equipment and pro- 
cedures. This, however, appears 
much more difficult and time- 
consuming undertaking than 
should be, largely because the basic 
principles laboratory testing are 
not fully appreciated. analysis 
some these principles, therefore, 
may prove helpful and timely. 

discussion the application 
these principles paint testing 
general would lead too far and would 
consume much more space than has 
been allotted this article. There- 
fore, this discussion will aimed par- 
ticularly analysis the testing 
metal protective paints ex- 
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posure high humidity immer- 
sion suitable aqueous solutions, 
although much this report may 
applicable paint testing gen- 
eral. 


Designing Test 


designing test procedure 
equipment there are three distinct 
steps: (1) the formulation 
theory what needed, (2) the ac- 
tual development instrument 
technique, both, and (3) the 
extensive use this instrument 
procedure demonstrate its paral- 
lelity with actual service experience. 
The first these steps not only 
the first chronologically but also the 
time and effort design testing 
equipment procedures before the 
problem has been fully defined and 
its aims clearly fixed. The necessity 
diagnosing the problem correctly 
and working out considerable 
detail before entering upon steps (2) 
and (3) cannot overemphasized. 

The purpose humidity and im- 
mersion testing metal protective 
paints compare various paint 
systems for their ability protect 
metals against corrosion and de- 
struction under service conditions 
where water aqueous solutions 
are the principal deteriorating 
agents. For tests this sort, paint 
films must tested, firmly attached 
suitable substratum, and their 
relative abilities perform their 
functions measured the changes 
taking place the substratum 
direct result the exposure the 
test conditions. 

avoid misleading results, 
essential that any significant changes 
the appearance the test speci- 
men observed the course the 
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test the direct result and quan- 
titative measure the failure the 
coating protect the substrate ade- 
quately, and not the accidental re- 
sult any differences the sub- 
strate, unknown uncontrolled 
variations the environmental con- 
ditions. 

For example, when paint systems 
are compared for their ability 
protect steel against rusting, care 
must taken that any differences 
rusting observed are measure 
differences the protective coatings 
under test and are not due differ- 
ences the corrosivity the sub- 
strates some other external 
factor. 


Control Substrate Uniformity 

The substrate materials commonly 
available for paint tests this sort 
are not uniform. Not only mem- 
bers given panel series differ, 
but significant areas the same 
panel may differ sufficiently cause 
marked differences the behavior 
paint films. Therefore, insure 
the reliability panel tests for the 
quality metal protective paints, 
the substrate specimens must 
selected and prepared guar- 
antee (1) that each panel given 
test series uniform itself, and 
(2) that all members the series, 
immediately prior the application 
the test paints, are nearly 
possible identical behavior and 
properties. 

order determine how this 
might accomplished, let look 
more closely what accom- 
plished. desired find pro- 
cedure which will permit the deter- 
mination the relative ability 
given series paints prevent the 
corrosion steel objects exposed 
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high humidity immersed water 
aqueous solutions. 
The surfaces which these paints 
are tested, therefore, should, 
the absence any protection, that 
when exposed the unpainted 
ondition, corrode uniform rate 
the same degree. Each indi- 
idual member the series should 
orrode uniformly all over its sur- 
‘ace and should free possible 
rom pitting and other localized cor- 
osion effects, and all members 
series should alike these 
espects. Any preparative treatment 
iven the test panels should for 
sole purpose making sure that 
his condition prevails. 
has been proposed that, order 
determine whether steel panels 
been properly prepared, they 
tested for their ability support 
film water without break. Ac- 
ually, such test serves only in- 
licate whether the panel surface 
wetted uniformly water. does 
way guarantee that the same 
surface will also just uniformly 
wetted the paint applied 
it, much less would indicate that 
the panels are identical their re- 
sponse failures the test paints. 
\Vhat needed not necessarily 
rust-free, smooth pol- 
ished test surface but one that will 
promptly, reliably, and reproducibly 
indicate visible rusting whenever 
paint film fails protect against 
corrosive influences. 


test which may useful this 
connection was proposed Mears.* 
panel specimen tested for 
uniformity and corrosivity dotted 
with large number droplets 
suitable corrosive liquid, and the 
time the first appearance cor- 
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rosion each droplet well the 
nature the corrosion product are 
noted. The average time elapsed 
the first appearance rust serves 
measure the corrosivity, while 
the nature the corrosion product 
and the spread between these values 
for the various droplets measures 
uniformity. Hydrogen peroxide 
suitable testing liquid. unfortu- 
nate that this test spoils the panel 
for use any paint test without fur- 
ther treatment. Although have 
not yet been able enough work 
with this test establish definitely 
its reliability, are confident that 
will considerable help the 
development procedure for pre- 
treating paint test panels and 
routine control test for panel prep- 
aration. 

For obvious reasons desirable 
obtain results practical signi- 
ficance the shortest possible time. 
Therefore, not desirable have 
the steel surfaces under the test 
films passive only slightly ac- 
preferable have them condi- 
tion high activity corrosivity, 
that they respond readily any 
failure the test paint system ex- 
clude corrosive agents. the other 
hand, does not seem desirable 
aim the highest possible degree 
activity since all practical cases 
some time must elapse between sur- 
face preparation and the application 
the first coat paint, and cor- 
rosion the test surface during this 
interval should avoided. There- 
fore, would seem preferable aim 
some intermediate degree cor- 
rosivity which possesses sufficient 
stability allow application test 
pairt. 


b- 
se 
wn 


Effect Panel Size 


When paints are subjected lab- 
oratory performance tests, usu- 
ally necessary reduce the size 
the test area very small fraction 
the area encountered under actual 
service conditions. This means that 
corners and edges occupy rela- 
tively large portion the test area. 
Therefore, corner and edge effects 
will out proportion those 
usually encountered actual service 
unless special precautions are taken 
prevent excessive influence 
corners and edges upon the test re- 
sults. Such effects are absent 
greatly minimized spherical 
cylindrical test specimens suffi- 
cient diameter. 

The mechanical difficulties en- 
countered preparing and handling 
such specimens, however, make 
them unsuitable for routine testing 
metal protective paints. 
tice minimizing edge and corner 
effects which has been widely used 
consists protecting corners and 
edges with additional coats paint 
several coats wax. This prac- 
tice has much commend and 
may expected give satisfactory 
results provided the original panel 
area not small that the paint 
wax edgings reduce size in- 
adequate for the purpose mind. 

There seems little doubt that 
for the sake uniformity any one 
coarse contours and large grain size. 
This takes added importance 
the panel size reduced. seems 
futile specify detail the degree 
smoothness needed, for depends 
much the consistency charac- 
teristics the test paint and its abil- 
ity fill cracks and crevices, but 
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readily appreciated that should 
continuous coating adequate 
thickness when the test paint ap- 
plied according the procedure 
specified. 


Effect Film Imperfections 


The objection may voiced that 
test panels prepared with such care 
bear relation actual service ex- 
perience and therefore are little, 
any, practical value. has been 
often stated that there hardly any 
paint job absolutely free from de- 
fects and scratches and that there- 
fore the results obtained with imper- 
fect panels were much greater 
practical significance than any re- 
sults obtained with perfect panels. 
fact, many paint test engineers fa- 
vor deliberately scratching through 
the paint film determine the re- 
sistance the test paint loss 
adhesion and rust creepage from 
bare area. There objection 
such practices provided the results 
obtained with them are viewed from 
the proper perspective. 

Such test does furnish valuable 
indications regarding the protection 
afforded paint system under 
highly specific set conditions. 
must remembered, however, that 
the results such test are signi 
ficant only the substrate areas 
bared this way the various 
specimens test series possess 
identical activity. This presupposes 
that the panels were originally the 
same activity and that the scratch 
actually penetrates and lays bare 
area active metal. addition 
care should taken that the ratio 
damaged undamaged area 
not too far out proportion that 
usually encountered actual prac- 
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tice, or, this cannot avoided, 
that this factor least taken into 
consideration when the results are 
interpreted terms service ex- 
pectancy. When actual paint job, 
rated, the effect film damage au- 
tomatically appears its proper 
perspective, whereas panel de- 
liberately scratched frequently 
greatly out proportion that 
may completely upset the balance 
the test results. 

far the application the 
test paint concerned, does not 
really make much difference what 
method chosen long care 
that the coating continuous 
uniform thickness. Kittel- 
has shown that immersion 
testing, pin holes and exposed freely 
corroding areas metal electrical 
contact with the test specimen may 
exert marked influence upon the 
type and rate failure suffered 
the test paint. 

obvious then that the effec- 
tive film thickness the thickness 
the coating the thinnest point. 
Therefore, methods determining 
the film thickness coating 
calculation from its weight and spe- 
cific gravity may very misleading. 
They make allowance for either 
the uniformity the coating the 
roughness the substrate surface. 
Continuity measurements, such 
those proposed Young and Ger- 
are very useful determining 
the minimum coating thickness 
needed produce continuous coat- 
ing given surface and therefore 
serve measure the roughness 
the substrate. 


Selecting Testing Technique 
Perhaps the most controversial 
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part any specification for deter- 
mining the protection afforded 
metallic substrate paint system 
the testing technique. While some 
advocate total immersion water 
aqueous solutions, others swear 
salt spray moisture condensation 
tests. Without advocating either 
procedure, should like describe 
some observations which made 
the course extensive experiments 
and which throw some light upon 
the principles involved the ab- 
sorption water paint coatings, 
their blistering and failure pre- 
vent rusting. 


Water passes through the face 
paint film under the influence 
two forces, osmosis and electroen- 
dosmosis. For the purpose this 
discussion, osmosis defined as, the 
transfer water through mem- 
brane under the influence so- 
lute concentration gradient, while 
electroendosmosis the transfer 
water through membrane under 
the influence electrical poten- 
tial gradient. 


the absence endosmotic in- 
fluences, water-soluble material 
within paint film, which may 
inorganic organic nature, causes 
the formation osmosis 
with the paint film itself playing the 
role the semipermeable mem- 
brane. Water pulled into the film 
and may create enough pressure 
within under the film cause 
blistering. 


this correct, paint films 
should absorb less water and blister 
less salt water than distilled 
water, for the salt the bath will 
compete for the water molecules, 
and the forces which cause the water 
penetrate the face the film 
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longer will the osmotic pressure 
resulting from the presence the 
water-soluble material within the 
film, but will this osmotic pres- 
sure minus the osmotic pressure 
the salt solution constituting the 
bath. 


That this readily dem- 
onstrated. Apply any given paint— 
but preferably one relatively poor 
water resistance—to several glass 
panels, and, after allowing them 
dry thoroughly, immerse the panels 
solutions ranging salt content 
from zero that sea water (about 
3.5 percent). periodic check the 
weight increase these panels will 
reveal that inverse function 
the salt concentration the bath. 
The effect this water absorption 
becomes visible short time. 
While the paint films immersed 
the distilled water will blister, the 
paint immersed the 3.5 percent 
salt solution will remain free blis- 
ters for many months. have had 
four glass panels coated with four 
raw linseed oil primers pigmented 
with percent volume zinc 
yellow, ZTO chromate, red lead, and 
iron oxide, respectively, immersed 
3.5 percent salt solution for almost 
five years, and the last inspection 
several months ago showed them 
still free blisters. 


Some may question the validity 
this statement, for doubt they 
have often seen painted steel panels 
blister much more severely and rap- 
idly salt water than fresh wa- 
ter. What has been said far re- 
garding blistering applies this 
simple form only long there 
corrosion. But the suggestion 
was that glass panels used 
demonstrate the difference between 
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blistering distilled water and 
salt solutions. When corrodible 
substrate used, the blistering 
mechanism bit more compli- 
cated, for the absence corro- 
sion, the blistering mechanism 
corrodible substratum identical 
with that noncorrodible panel 
material. However, just soon 
corrosion sets in, the corrosion cur- 
rent flowing between cathodic and 
anodic areas will superimpose its in- 
fluence upon that osmosis, 
blistering will accelerated and in- 
tensified. 

Extensive experiments conducted 
our laboratories over the last 
three years have shown that over 
percent the water absorbed 
painted steel panel, coupled bare 
freely corroding steel panel the 
same size and immersed the same 
bath, passed through the face the 
film the result electroendosmo- 
tic influences. The results our 
tests highlight the tremendous influ- 
ence exerted upon water absorption 
and blistering electroendosmotic 
influences which may result from 
corrosion pin holes and weak 
spots the test film. They empha- 
size again the necessity taking the 
utmost care the preparation the 
sults are obtained. addition, 
they furnish the basis for plausible 
explanation some the major 
difference opinion existing among 
test engineers with respect im- 
mersion and humidity test methods. 


Humidity Versus Immersion Tests 

the basis our results, some 
would expect that the amount wa- 
ter absorbed paint film de- 
creases the vapor pressure the 
immersion bath decreases, and that 
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the amount water absorbed from 
vapor would the same that 
absorbed from solution the same 
vapor pressure. other words, the 
amount water present paint 
equilibrium with its environment 
would the same regardless 
whether the paint film was immersed 
the solution suspended the 
above this solution. has 
possible demonstrate that 
his deduction holds, but was 

und that the rate water absorp- 

eater when the film immersed 
the solution than when sus- 
ended the vapor above the solu- 
ion. That means that immersed 
reaches the point saturation 
equilibrium faster than dupli- 


cate panel suspended the vapor. 
course, stated above, this con- 


clusion only the absence 


endosmotic influences, which may 
materially modify the net result ob- 


served. 

logical conclusion, there should 
difference the amount water 
absorbed paint film immersed 
distilled water suspended above 
water reservoir under conditions 
continuous condensation. Many 
may state that they have observed 
very marked differences. Although 
have not yet had opportunity 
test this experimentally venture 
predict that the differences ob- 
served probably will readily ac- 
counted for temperature differ- 
ences between the bath and the va- 
por. The chances are that the vapor 
itself and the panel suspended 
were close 100° C., while the bath 
used the comparison test was 
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most likely kept room tempera- 
ture. Doty, Aiken and Mark* were 
able show that the moisture per- 
meability high polymer film 
doubles with temperature rise 
about 10° would seem reason- 
able assume that similar tem- 
perature effect operative the 
case under discussion here. There- 
fore, believe that paint system 
will absorb the same amount wa- 
ter regardless whether sus- 
pended water vapor under condi- 
tions continuous condensation, 
immersed distilled water the 
same temperature. this relation- 
ship could proved experimentally 
some testing procedures could prob- 
ably simplified considerably. Hu- 
midity cabinets, which are meeting 
with much favor among paint test 
engineers, are difficult maintain 
and control. would seem sim- 
pler replace such cabinets with 
immersion baths comparable tem- 
perature and vapor pressure. 

This applies with particular em- 
phasis the salt-spray test. The 
use the salt solution decreases the 
water absorption the paint film 
due osmosis, and hence decreases 
markedly the rate blistering 
long the film remains unbroken. 
Just soon the film ruptured, 
however, electroendosmotic influ- 
ences will predominate, and both the 
water absorption the film and the 
corrosion the bared substrate will 
proceed accelerated rate. But 
are unable see what respect 
salt-spray test offers any signifi- 
cant advantages over simple im- 
mersion test bath the same 
vapor pressure and the same tem- 
perature. 


The second step referred earlier, 
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the actual development instru- 
ment technique both, noth- 
ing more than logical application 
the basic principles developed 
the first step. involves merely the 
detailed description the tech- 
niques used the preparation 
the substrate material, the appli- 
cation the test paint, and the test- 
ing the specimen insure that 
the conditions indicated neces- 
sary the first step actually prevail. 
This phase paint testing too 
well known require further dis- 
cussion this time. 


Translation Practice 

However, many cases, the third 
the three steps listed, the wide- 
spread use the testing method 
establish its parallelity with actual 
service experience, not fully ap- 
preciated and will therefore dis- 
cussed some length. disinter- 
ested observer, have frequently 
been struck the lack agreement 
among experienced paint testing en- 
gineers regarding the practical value 
test results and especially about 
their interpretation terms ac- 
tual service, and have gained the 
impression that many the differ- 
ences could readily resolved. 

Let assume that reproducible 
and significant results have been ob- 
tained number laboratory 
tests. The question, then, what 
these results signify terms 
length life and protection the 
paint system offers under conditions 
actual service? the twenty 
years that have spent the paint 
industry, have come the conclu- 
sion that there substitute for 
actual experimentation and experi- 
ence when comes translating 
laboratory test results into terms 
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durability. The problem the evalu- 
ation the test method and the only 
way this can done subject 
sufficient number paint Systems 
simultaneously the laboratory 
test and actual service tests until 
sufficiently large mass related 
data has accumulated serve 
basis for deriving translation fac 

tor. 

Many disagreements between 
paint testing engineers may 
the fact that each one has his own 
idea regarding the practical value 
durability the so-called 
paint systems. closer analysis 
will usually found that the dis 
agreeing paint testing engineers 
have fixed mental picture the 
value the standard comparison 
derived from very few paint serv- 
ice tests, experiences which hap- 
pen have made lasting impres- 
sion upon their memories. 
opinion, the major problem the 
third proving-in stage the de- 
velopment any standard test ap- 
paratus procedure fix the true 
value the standard comparison 
paints. 

The magnitude this job be- 
comes apparent when fully real- 
ized that most service tests 
impossible control either the na- 
ture and the preparation the sub- 
strate the conditions applica- 
tion and service within the limits 
necessary for reproducibility within 
even tolerable limits. result 
this condition, any one service test 
may rate given paint good, inter- 
mediate, bad depending more 
less accidental combination 
factors. Therefore, will neces- 
sary seek solution for this prob- 
lem statistical basis. the 
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face it, this seems like Herculean 
task doomed failure before 
begun. However, similar 
sibly more difficult, problems have 
solved successfully. 

The similarity between the prob- 
lem predicting the life expectancy 
human being the basis 
mortality studies and the problem 
predicting the life expectancy 
paint film the basis service 
tests apparent. study life in- 
methods and attempt 
the laws probability 
testing may prove quite help- 
ful. 

Although unable predict ac- 
curately the probable life expectancy 
company can predict with reason- 
able accuracy the average length 
life under predetermined conditions 
certain class people charac- 
terized certain physical makeup, 
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certain habits, and certain environ- 
ment. This exactly the basic idea 
behind service testing: namely, 
predict the average length life 
certain type paint under known 
conditions exposure use. 

After suitable standard paints 
have been selected the basis 
extensive service tests, only 
necessary include several speci- 
mens each every test series 
able grade the experimental 
paints their probable life ex- 
pectancy and performance value. 

All this may seem like lot 
trouble for paint test, but really 
more trouble than trying in- 
terpret some the results obtained 
when these precautions are ignored. 
Our experience has convinced 
that efforts make certain observa- 
tions made are really function 
some inherent property the test 
paint are well worthwhile. 
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Round Table Discussion 


Cranmer' 
(prepared discussion) 


During May, 1945, our laboratory 
placed 200 panels tide range ex- 
posure Miami, Fla. These panels 
were groups, with presum- 


1. Industrial Test Laboratory, Philadelphia 
Naval Shipyard, Philadelphia, Pa. 


ably identical panels each group. 

Figure illustrates the variation 
rusting shown one these 
groups after three months’ tide 
range exposure. Figures and 
show other groups from the same 
series. Figure identical with Fig- 
ure but shows the group after 
six-months’ exposure. 
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more extensive, but the variation 
results the same order. 

Figure shows four the groups 
arranged for comparison. selec- 
tion individual panels, would 
possible rate any one the four 
groups, turn, best. 

the case under discussion, the 
decision expose duplicate pan- 
els was made after consultation with 
statistician, who indicated that the 
number would depend the ex- 
pected variability results and the 


TABLE 

Chance Differences Between Average 
Rust Ratings 

(Groups of Four Identical Panels) 


Occurrence 


Differences Percent 
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Figure 1—Three months’ tide range exposure ten duplicate panels. 


discrimination desired. vari 
ability, were prepared state 
only that embarrassing discrepancies 
had sometimes been noted tide 
range exposure and that exposure 
single coat, necessary this 
case, was known erratic. 
discrimination, were again able 
state only that wished dis- 
tinguish clearly among systems, de- 
spite the anticipation that some 
would nearly equivalent. 


With such information, the cor- 
rect answer expose infinite 
number. This being impossible, the 
decision must expose many 
panels feasible under the cir- 
cumstances. Thus the original de- 
cision expose like panels 

Having performed the work, how- 
ever, the data now permit 
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Figure 2—A second group ten duplicate panels after three months’ tide range exposure. 
Figure 3—A third group ten duplicate panels after three months’ tide range exposure. 
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Figure 6—The same group panels shown Figure after six months’ tide range exposure. 


exact prediction for future use. For 
example, suppose were expose 
two groups four panels each, all 
panels and conditions being identi- 
cal any one the groups pre- 
viously discussed. Again, suppose 
this experiment repeated 
large number times. then 
consider the difference between the 
average rust ratings each group 
four panels, the probable occur- 
rence purely chance differences 


Now assume that perform the 
same experiment, but this case 
the panels each group differ 
some particular from the panels 
other groups. the difference be- 
tween the average rust rating two 
groups were one unit, little, any, 
significance could attached there- 
to, since this difference might due 
solely chance one-third the 


time. the difference were two 
units, could conclude that real 
difference existed. this, are 
certain percent the time. This 
appears satisfactory level for 
such work. 


statistical language, may 
then say that the least significant 
difference between averages four- 
panel groups, under the conditions 
this specific test, about 2.0 rust- 
rating units the percent prob- 
ability level. For larger and smaller 


TABLE 


Least Significant Differences Between 
Average Rust Ratings 


Approximate 
Averages of LSD* 


* Least significant differences. 95 percent probability level. 
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groups, again working the per- 
cent level, the least significant differ- 
ences are shown Table II. 
Thus, the exposure ten duplicate 
panels will serve distinguish be- 
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tween groups even when the differ- 
ence average rust rating only 
about one unit. While statistically 
significant, such differences may not 
practically significant. While the 


Figure 7—Four groups panels arranged for 
que 
this 
ady 


question practical significance 
must determined other consid- 
erations, obvious that data 
this type will allow predict 
advance exactly how many panels 
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must exposed achieve discrimi- 
nation various levels. 

cannot assumed that these 
figures apply under other conditions. 
The variation tide range exposure 
results obviously less serious 
when multiple-coat exposures are 
made shown Figures and 
10, which have been selected ran- 
dom from other exposure series. 

yet have statistics various types 
exposures. hoped that this 
discussion has indicated not only 
how tide range exposures vary, but 
also how statistical studies may 
value both the design test 
and evaluation the data. 

The assistance Kaplan 
this laboratory, who supplied all sta- 
tistical data, gratefully acknowl- 
edged. 

The opinions expressed are those 
the author, and not necessarily 
represent the opinion the Navy 
Department. 

How did you clean 
the 

Mr. were trying 
evaluate methods surface prepara- 
tion. Therefore, each group ten 
panels was cleaned somewhat 
different method. There com- 
parison paints the test since 
the same paint was applied all 
the panels. The comparison be- 
tween methods surface prepara- 
tion and they involve such things 
phosphoric acid treatments, dichro- 
mate and acid, sulfuric 
acid, descaling, plus lime rinsing, etc. 

Dunn, there some set 
procedure that you followed this 
statistical summary? wonder how 


2. Chemist in Charge, Solvents Development 


Lab., Standard Alcohol Co., Elizabeth, N. J 
3. National Lead Co., Brooklyn, N. Y. 
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tide range exposure. 


iple coat panels after six months’ 
Vertical pairs are duplicates. 


igure 8—A group mult 
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Figure 9—A second group multiple coat panels after six months’ tide range exposure. 
Vertical 
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Figure third 
croup multiple 
coat panels after six 
months’ tide range 
exposure. Vertical 
pairs are duplicates. 


you could get complete analy- 
sis with few panels. 

Mr. was afraid some- 
would ask question like that. 
should suggest that any questions 
concerning the statistics directed 

(Since the meeting, the following 
explanation has been received from 
Mr. Kaplan the author. 

assume that statistical sum- 
mary you refer Tables and 
should made clear practice 
that such tables cannot drawn 
the basis single exposure 
100 panels. obtain good mea- 
sure chance differences which 
might expected between panel 
rust ratings under given set ex- 
posure conditions, necessary 
expose many sets panels order 
build reliable body experi- 
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ence. The tables were prepared 
the assumption that the uniformity 
reproducibility obtained from 100 
panels originally exposed would 
prove reliable. this assumption 
taken true then the tables may 
calculated elementary statistica! 
methods described texts the 
subject. claim made, however, 
that the values obtained the par- 
ticular experiment are reliable for 
prediction what might ex- 
pected. For interpreting the particu- 
lar experiment, however, they can 
used). 


During the 1941 meeting Sub- 
committee VII Committee D-1, 
the question arose whether spot 
partial sanding steel test panels 
would adversely affect the life the 


4. Chemist in Charge, Solvents Development 
Lab., Standard Alcohol Co., Elizabeth, N. J. 
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finished coat. The Army Ordnance 
wished prepare specifications deal- 
ing with the reclaiming used 
well rusted panels and the ques- 
tion, therefore, was brought forward 
that time. 

test group was 
established the February, 1944, 
meeting and the following program 
agreed upon: 

(a) Naphtha degreasing 
vapor degreasing. 

(b) Spot sanding versus full sand- 
ing, versus sanding degreased 
panels. Six panels were used for each 
test and all panels were cleaned 
the same manner the various co- 
Each was assigned certain 
accelerated exposure tests depending 
upon available equipment. Accele- 
rated tests consisted of: 


(a) Distilled water immersion 

(b) Tap water immersion. 

(c) Humidity cabinet. 

(d) Salt spray. 

(e) Salt solution (20 percent Na- 
Cl) immersion. 


versus 


Outdoor exposure tests also were 
run for check purposes. 


The panels conformed require- 
ments ASTM. Tentative Method 
for Preparation Steel Panels for 
Exposure Tests Enamels for Ex- 
terior Service for cold- 
rolled steel panels. Spot and full 
sanding were carried out sanding 
the lower half each panel 
bright finish and spotting the upper 
half using five spot pattern. 

Panels were coated mil thick 
with Ordnance Department Specifi- 
cation AXS-750 Primer and mil 
with AXS-752 enamel. All but one 
cooperator edge-coated supple- 
mentary protection. 
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The data showed variations too 
present discussion. Attention, there- 
fore, directed the official 
Subcommittee VII Committec 
D-1, published the curren: 
ASTM Proceedings, 


Results, however, can summa- 
rized follows: 

The six panels each set, 
general, checked quite well. 

Spot sanding the upper anc 
full sanding the lower part the 
panel resulted localized blistering 
and rusting not necessarily the 
sanded areas. Failure, apparently, 
governed the type 
exposure combined with the methoc 
cleaning. 

The presence absence sup- 
plementary edge-coating seemed 
influence the location rusting, that 
is, whether rusting occurred the 
sanded unsanded portion. 


The importance uniformly 
treated surface steel panels for 
immersion tests paint systems 
was evident throughout. 


Darsey® 
(prepared discussion) 


Early work the members the 
Panel Preparation Group Sub- 
committee VII reveals that, addi- 
tion the cleanliness steel, its 
surface finish influences the perform- 
ance applied paint coatings. Any 
method preparation which changes 
the surface characteristics the 
metal likely have definite ef- 
fect the adhesion and resultant 
durability applied paint coatings. 
For this reason method surface 


5. 1944 Book of ASTM Standards, Part II, p 
1558. 

6. President, Parker Rust-Proof Co., Detroit, 
Mich. 
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preparation which did not materially 
the surface characteristics 
metal was recommended for 
cleaning steel panels prior paint- 


One the major problems 
suitable steel panel for 
paint tests that uniform sur- 
Objection was raised 
the use full-finished, cold- 
lled steel because the poor ad- 
sion paint applied thereon. Orig- 
was suggested that type 
steel finish such produced 
nd-blasted rolls used, which 
ould provide better paint adhesion. 
steel panels secured from 
sources with this type 
were found vary consider- 
roughness, which was unde- 
uniform steel finish, this problem 
was discussed with ASTM Commit- 
tee A-1 Steel, which committee 
advised that the No. dull finish 
produced the 
Sieel Corporation would the most 
uniform type surface commerci- 
ally available. This type steel fin- 
ish now recommended for use 
preparing panels for paint testing 
ASTM Tentative Method 609. 


Singleton,’ 
(prepared discussion) 


One important consideration 
testing humidity immersion 
the choice steel panel having 
uniform surface the requisite ac- 
tivity regard corrosion. ASTM 
Tentative Method Preparation 
Steel Panels for Testing Paint, Varn- 
ish, Lacquer, and Related Products 


. Philadelphia Lab., E. 1, du Pont de Ne- 
mours and Co., Ine., Philadelphia, Pa. 

1945 Supplement to Book of ASTM Stand- 
arcs, Part II, p. 192. 
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cold-rolled steel for panels which 
represented agreement com- 
mercially available uniform surface 
finish. However, there had been less 
consideration given the activity 
regard corrosion than the 
physical roughness. this connec- 
tion, experiment has been carried 
out the effect the surface con- 
dition steel panels immersion 
testing. The experiment concerns 
two variables, the roughness the 
rolled surface and the practice 
sanding the panels. 

Specification 609 now calls for 
satin finish, equivalent Carnegie- 
Illinois No. Such surface visi- 
For the experiment, 
similar type steel was hand, 
except that the surface was slightly 
coarser. This may called “rough” 
steel distinguish from second 
type steel, which may described 
“smooth.” The latter, strip steel 
with No. finish, smooth enough 
give somewhat diffuse mirror 
reflection. has parallel microscopic 
ridges formed the machining 
marks the finishing roll, com- 
pared with the random peaks and 
hollows the “rough” steel. 

characterize the surfaces more 
exactly, profilograph tracings were 
made (Figure 11). From the tracings, 
the average roughness 
inches from peak valley and the 
frequency waves per inch were 
calculated. The data are presented 
Table III. Each surface was also 
rated according the General Elec- 
tric roughness standards, shown 
the last column the table. 

Each steel was prepared for paint- 
ing two methods. The first, cor- 
consisted five operations: 


Ye) 
le 
e- A 
q 
1€ i| 
ns 
li 
af - 
Pp 
rit, 


ASSOCIATION CORROSION ENGINEERS 


Figure 11—Surface roughness cold-rolled steel. 
Original magnification: Vertical 5400 times, Horizontal 87 times. (Reduced one-half in 
reproduction). 
Top section—Carnegie-Illinois No. 5 satin finish as specified in 1-609. 
Second section—‘‘Rough” steel (see text). 
Third section—No. 2 finish parallel to rolling direction. 
Bottom section—No, 2 finish perpendicular to rolling direction. 


(a) Vapor degreasing with tri- (d) Immersion isopropyl alco- 
chlorethylene. hol for hour. 
(b) Wiping with damp- (e) hour 150° 


The second was sand- 
ened with petroleum naphtha re- ing 
(a) Vapor degreasing with tri- 


(c) Wiping with dry muslin. chlorethylene before. 


move the insoluble residue. 


TABLE 


PROFILOGRAPH 


Average 
Roughness Average General 
Peak to Electric 
Valley, aves Roughness 
PANEL DESCRIPTION Misrslashes Per Inch Standard 


Revision to ASTM D 609-45T...| Satin finish equivalent to Carnegie-Illinois No. 5.. 98 270 D 
Similar to revised D 609- <t but coarser 104 E 
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Sanding with No. 240 emery 
paper until the surface was uniform 
and all scratches and surface imper- 
fections had been removed. 

(c) Polishing with 400 emery 
paper mirror surface. 

(d) Wiping with clean cloth 
dempened with petroleum naphtha 
remove the debris from the sand- 
ing operations. 

panels received two-coat au- 
paint system the same day 
they were cleaned, consisting 0.5 
mil baking primer followed 1.5 
mils baked gloss topcoat. The 
were aged one week room 
temperature. They were then tested 
partial immersion bath dis- 
tiled water 100° Each 
system was exposed triplicate. 

The results are presented Table 
the days failure blister- 
ing for each panel and aver- 
age for each system. The reproduci- 
bility good for most systems, and 
all cases the difference between 
systems larger than any panel vari- 
ation. 

effect surface condition 
the rate failure found sur- 
prisingly large. The weakest 
solvent cleaned rough steel, fails 
five times fast the systems 
sanded steel. The data support two 

Sanding greatly alters the sur- 
face and delays the appearance 
blistering. this test, the sanded 
rough steel produced somewhat 
slower blistering than the sanded 
smooth steel. 

For solvent cleaned steel, the 
rough surface produces faster blist- 
ering. 

tentative explanation the 
further experiment, which too in- 
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TABLE 
Effect Surface Condition Blistering 
Cleaning Days to 
STEEL Method Failure Remarks 
Rough...... Sanded 15+ Excellent 
15+ | at 15 days 
15+ 
Smooth... . Sanded | 15+- 
15+ 
Smooth Sclvent 8 
cleaned 8 
8 
Rough. | Solvent 5 
cleaned 2 


complete report detail. at- 
tempt measure the surface activ- 
ity modified Mears test indi- 
cates that the sanded surfaces are 
less corrodible than those which are 
solvent cleaned. This the opposite 
what had been expected the as- 
sumption that sanding would insure 
fresh surface metal. Actually, 
may suggested that thorough 
sanding, the present experi- 
ment, may contribute the forma- 
tion oxide coating which 


substantial enough influence 


rate blistering paint applied 
over it. Considerable mechanical 
work done during the process 
sanding, and the local heat which 
developed may result heavier 
and more continuous coating 
oxide than present originally. The 
fact that the final sanding carried 
out with fine grade emery paper 
would more favorable the for- 
mation continuous coating than 
ordinary procedure where coarser 
grade used. The superiority the 
“rough” steel over the “smooth” 
steel after sanding this hypothe- 
sis would the result the 
greater work which must done 
sand the original surface smooth 
finish. 
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appears that the satin finish 
steel now specified Method 609 
represents active surface, both 
because the steel has rough finish 
and because solvent cleaned 
without sanding. Results obtained 
from humidity immersion tests 
this steel should not compared 
directly with previous results ob- 
tained steel with different sur- 
face finish. 


(prepared discussion) 

There are some who feel that the 
Pangborn test panels prescribed 
ASTM Tentative Method are 
too rough, particularly for testing 
enamels. result, compromise 
has been proposed employ steel 
panels accordance with ASTM 
Standard Specifications for Cold- 
Rolled Strip Steel hav- 
ing No. dull finish, produced 
the Steel Corp., 
equal. There are others who feel 
that this proposed panel too 
smooth surface for paint testing 
purposes. Actually, the roughness 
about that standard the Gen- 
eral Electric series, which has 
equivalent roughness approxi- 
mately microinches when meas- 
ured profilometer and which, 
relative cold-rolled furniture 
steel, could considered quite 
rough. opinion, the matter 
whether surface considered too 
rough too smooth largely in- 
fluenced the type surface one 
has been accustomed employ for 
test purposes. 

Let examine the matter just 
what needed. The paint technolo- 
gist must concerned with the sur- 

Bell Telephone Labs., New York, 


10. 1944 Book of ASTM Standards, Part T, p. 
96. 


face condition test specimens be- 
cause its relation the adhesion 
the finish the substrate. The 
two forces, one which 
mainly physical and depends upon 
the surface contours the metal 
and the second intrinsic adhesion, 
which more physicochemical 
nature and function the at- 
traction between the molecules 
the metal and the molecules the 
film. 

well known, the mechanical 
roughening the surface, such 
sand grit blasting, provides 
surface which general insures 


order adhesion. This treat- 


ment makes for uniformity sur- 
face removal contamination, 
oxide coatings, etc. addition, 
also extends the actual area per unit 
microscopic area that there be- 
comes greater number molecules 
available the paint-panel interface 
which the molecules the film- 
forming materials may attach them- 
selves. Further, blasting 
vides many tiny facets metal in- 
clined various angles into which 
the film can physically key 
Profilometer measurements made 
our laboratories employing finely 
pointed diamond stylus for follow- 
ing the contours surface and 
optical lever system for magnifying 
the undulations the stylus 
rides over the surface under exami- 
nation, lead calculations that 
some instances showed the increase 
times. With changes this magni- 
surprising that blasting surface 
increases adhesion the extent that 
does. 
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While blasting the surface 
metal makes uniform, care nec- 
essary maintain that uniformity, 
since has been observed that 
merely matter minutes before 
the surface may change oxidation 
and contamination from the atmos- 
phere. This illustrates the desirabil- 
ity minimizing the interval be- 
tween the surface preparation and 
the coating controlled uniformity 
specimens factor any par- 
ticular set tests. 

From what has been said, 
once apparent that the surface con- 
dition important adjunct the 
finishing system, and therefore 
follows that the only way cer- 
tain that particular film would ad- 
here particular surface would 
follow the obvious method test- 
ing that finish that surface 
statistical manner. This akin 
the actual service approach the 
problem testing such discussed 
Mr. Elm. 

However, where the properties 
protective coating are evalu- 
ated independent the type sur- 
face, where the exact surface 
which the finish applied 
not predictable, the more empirical 
type approach the problem can 
followed using arbitrarily 
selected specimen which per- 
form the tests. these cases 
really would not matter whether the 
Pangborn the new proposed panel 
were used provided that either sur- 
face uniform and readily dupli- 
cable and also that the results ob- 
tained are related the surface 
which the tests were performed. 

should like caution against 
the hazard expanding the results 
the qualities the same fin- 
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ish surface that may con- 
sidered but slightly different. il- 
lustrate this point, some years ago 
were startled the wide differ- 
ences adhesion obtained two 
brass surfaces. Our tests were con- 
ducted rolled-brass sheet, which 
most would consider smooth 
surface, and the adhesion the fin- 
ish was very good. However, when 
this finish was applied brass parts 
made heading operation, its ad- 
hesion was poor. 
difference would not have been pre- 
dictable the basis examination 
the two surfaces since visually, 
least, they were very similar. 
Therefore, even when finish has 
been found possess high order 
advisable check the adhesion 
the particular surface which the 
finish applied, insure sat- 
isfactory durability the finish. 


(prepared discussion) 

the statements made Mr. Elm. 
realize probably well any- 
one, that the preparation test pan- 
els the laboratory task that 
difficult, time consuming, and re- 
quires considerable care the results 
are any value. This due 
the many variables, which include 
variations the base metal, meth- 
ods cleaning, viscosity the 
paint, temperature the paint, 
method application, thickness 
film, type undercoats used, baking 
times and temperatures,-the amount 
sanding polishing the top- 
coat, and probably othérs. 

agree with Mr. Elm that the 
preparation the sample panel 


11. General Motors Research Lab., Detroit, 


Mich. 
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great importance, but feel that 
would physical impossibility 
check each panel any manner 
each spot the panel the same 
every other spot the panel. 
While some chemical tests might 
devised insure this fact, the sur- 
face the panel would thereby 
changed and would longer 
satisfactory for the test. equaliy 
impossible insure that panels 
any series are uniform all respects. 

are the fortunate position 
having very complete service data 
large number paint materials 
since have millions cars 
service under wide variety cli- 
mate conditions. For this reason 
can always have standard material 
with which compare the sample 
under investigation. every case, 
such standard included the 
test. 


Panels are prepared for test the 
same manner which the part 
prepared production. For exam- 
phosphate-coated steel, the panels 
are given phosphate coating; 
the material used over 
dip-coated primer, the panels are dip- 
coated the primer; the material 
steel, the panels are alkali cleaned. 
matter fact, many cases 
the test panels are run through the 
production line, insure that they 
receive the same treatment the metal 
will receive production. 

Mr. Elm mentions coating the 
edges panels with some protec- 
tive coating such wax. auto- 
motive production, rusting from the 
edges critical, tests with large 
edge effects are most interesting and 
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not protect the edges test 
panels. 

The use the immersion test in- 
stead the humidity test would 
probably satisfactory, but 
somewhat more difficult for 
since subject production pieces, 
including fenders and entire auto- 
mobile bodies, the same tests 
use panels. 

try minimize the effect 
some the variables preparing 
several panels each material and 
repeating the whole series several 
times. 

While are not sure that Mr. 
Elm referring the type test 
work are doing, nevertheless, 
feel that proposing ideal 
set conditions, which would 
impossible for obtain our 
work. 


Van 
(prepared discussion) 

Mr. Elm has pointed out that 
avoid misleading results labora- 
tory test procedures the panels used 
the test must uniform. This 
means that the ideal situation calls 
for uniformity not only over the en- 
tire surface panel, but also 
uniformity panel panel through- 
out the entire group the test. 
becomes obvious immediately that 
must not only specify the nature 
the steel panels, but must make 
certain that prior the application 
the coatings under test, the panel 
surfaces are uniformily from oil, 
grease, rust and foreign matter. 
Method 609 calls for new prime 
cold-rolled steel that has been oiled 
the mill, and therefore methods 
removing this oily coating must 
considered. 


12. Director of Paint Research, Sherwin-Wii- 
liams Co., Chicago, Ill. 
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Usually the oily coating such 
cold-rolled steel the parrafin- 
base type, sometimes with lanolin, 
fatty acids, sulfonated compounds 
other wetting agents added. There 
will always some dirt other 
foreign matter present the oily 
film. Whatever coating there must 
removed completely that uni- 
form metal surface obtained, such 
usually defined “chemically 
clean.” Recommendations have been 
set for metal cleaning requiring 
that the degree cleanliness de- 
termined the ability the sur- 
face support film water break- 


tree. 


When methods cleaning the 
surface were considered, alkali 
cleaning, very popular commercial 
method, was not included the test 
procedure. Considering the very wide 
variety such cleaners which might 
used, there may some diffi- 


culty accomplishing the removal 
all traces residual alkali. 

prevent any chemical change 
the character the steel surface, 
only volatile solvents which are un- 
reactive with the metal surface are 
used. The procedure for cleaning 
test panels suggested revision 
Tentative Method 609-45 
recommends the use grease sol- 
vent consisting mixture three 
parts volume V.M. and naphtha 
and one part monoethyl ether 
ethylene glycol. reported that 
this combination has been found 
most satisfactory for removing oxi- 
dized films and foreign matter. 
was originally intended that the 
method call for cleaning scrub- 
bing with brush lint- and size- 
free cloth followed wiping dry 
with clean cloth. The cleaning pro- 
ceeded through the use this sol- 
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vent mixture, without resorting 
sanding abrasion the surface, 
until the panel would support 
water film break-free when immersed 
distilled water. 

This portion the method de- 
serves further discussion. least 
one possible interpretation the 
method its original form was that 
the cleaning may and can done 
entirely solvent wiping the 
point where the surface will support 
break-free water film. Since the oil 
other surface soil the panels 
may vary widely character and 
possible clean some panels 
this method the point where they 
will support film water break- 
free over substantially the entire sur- 
face the panels. the case our 
own laboratory stock panels, how- 
ever, has not been possible 
without expenditure time and 
effort which consider excessive, 
particularly when large number 
panels are used given test. Fur- 
thermore, there usually wide va- 
riation the degree the uniform- 
ity cleanliness and the surface 
activity the panels, which con- 
trary our original concept con- 
ditions required for laboratory test 
procedures. 


would appear that any solvent 
scrubbing wiping ordinarily 
conducted immediately accompa- 
nied some surface contamination. 
tinuous supply clean cloth and 
clean solvent that the contami- 
nated cleaning cloth never travels 
back over the cleaned areas. 

Vapor degreasing with trichlorod 
—or perchlorethylene would elimi- 
nate many these objections, since 
properly executed the metal sur- 
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face cleaned with fresh pure con- 
densed solvent. Sometimes found 
desirable include some jet clean- 
ing remove insoluble dirt particles 
which cannot removed without 
some mechanical force. have 
found that panels degreased with tri- 
chlorethylene vapor will support 
film water break-free spite 
the obvious presence mechanical 
dirt smut. This deposit should 
wiped off, however, the panel 
used for laboratory tests. 

Usually, commercial practice, 
the shape the article being cleaned 
such that proper washing action 
obtainable, solvent vapor degreas- 
ing very satisfactory. However, 
because laboratory scale apparatus 
not always available for such clean- 
ing, because some experience and 
care required handling solvent, 
and because some apprehension 
possible activation the metal 
surface, was originally decided not 
suggest trichlorethylene per- 
chlorethylene vapor degreasing 
alternate cleaning method for pre- 
paring steel panels for the laboratory 
testing organic coatings. now 
being considered alternate 
the recommended method. 


proposed revision Method 
609 that has been under discussion 
states, that after the initial solvent 
scrubbing, “The panels shall then 
this solvent mixture until each panel 
cleaned will support water film 
break-free when immersed distilled 
water.” will noted that this did 
not restrict the solvent cleaning 
scrubbing only. 

vent wiping clean laboratory steel 
test panels, use our laborato- 
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ries what call the solvent spray 
cleaning method. This method 
simple, fast and economical. re- 
quires special apparatus beyond 
regular spray gun, and the sol- 
vents used are readily available 
the average paint varnish labora- 
tory. large number panels can 
brought state uniform and 
satisfactory cleanliness where they 


will support film water break- 
free. Fresh solvent all that used 
the point cleaning, and the ad- 
vantages mechanical action jet 
cleaning are inherent this method. 

The panels are used they are 
taken from the stock bundles with 
preliminary removal the mill 
oil coating. sample immersion 
distilled water will serve check 
whether sufficient hydrophilic sur- 
face-active agents are present sup- 
port film water break-free, 
spite the presence oily contam- 
inants. so, the water-soluble agents 
are removed running water over 


Figure 12—Method solvent spray cleaning. 
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the panels until they will not sup- 
port break-free film water. This 
will assist establishing the valid- 
ity the final water film test. 
Figure illustrates the proper 
method solvent spray cleaning. 
test panels with their shop coat 
oil and incidental soil are mounted 
spray rack shown. The na- 
ture some rust inhibitive oils 
used stock panels indicated that 
the degreasing solvent should 
mixture aliphatic and aromatic 
half V.M. and naphtha and half 
but have found the blend 
three parts naphtha and one cel- 
losolve about equally efficient. There 
probably are others equally good. 
The solvent mixture sprayed 
from conventional spray gun ope- 
rated with the fluid tip wide open, 
but with the atomizing jets stopped 
down almost completely. This con- 
centrated the spray much smaller 
area than ordinarily used paint- 
ing. 
important factor the method 
the angle which the spray di- 
rected onto the panels. should 
projected from above acute 
angle the panel (25 degrees 
less) that the washings are rinsed 
off ahead the spray and not forced 
around the other face the panel. 
the solvent spray strikes too 
nearly perpendicularly the face 
the panel, the washings are forced 
around the edges onto the other side 
the panel. The spray swept back 
and forth several times across the 
panels, starting the top and work- 
ing down the soil washed ahead 
the spray. pan placed below 
the panels catch the washings. 
The technique used exactly the 
same one employs cleaning sand 
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and leaves off sidewalk using 
garden hose. The oil and dirt are 
driven off the panels with coarse 
spray solvent that only clean 
solvent strikes the point clean- 
ing over the area already washed. 

The backs the panels are usu- 
ally degreased first, then the face 
sides, after which they are allowed 
dry. After the panels have been 
cleaned, the usual precautions should 
taken avoid contaminating the 
panel faces handling. When they 
are dry they are polished rubbing 
briskly with clean, dry cloth. This 
last operation removes the finely di- 
vided dirt which was originally 
bound the panel the oily film, 
and furthermore seems neces- 
sary step conditioning the now 
oil-free surface that will sup- 
port film water break-free. The 
beneficial effects polishing are ap- 
parent with almost any method 
cleaning. 


For routine laboratory tests, which 
may involve relatively large num- 
ber panels given set, the nor- 
mal practice simply allow the 
solvent spray cleaned and polished 
panel air dry briefly and then pro- 
ceed with the application test 
paints. However, for precise testing, 
the method would require the test- 
ing each panel immersing 
distilled water determine whether 
will support film water break- 
free. The panels should then im- 
mersed alcohol for minutes, fol- 
lowed air drying force drying 
125 150° for minutes. 

The 10-minutes immersion al- 
cohol beneficial where there have 
been any deficiencies cleaning 
that point. Where panels were 
solvent cleaned wiping, 
tions the panel surfaces which 
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would support film water break- 
free rose from average approxi- 
one instance, from percent 
percent another. 

When the panels are force dried 
for minutes 150° F., some 
instances there drop the water 
break rating, which may due 
deep-seated contaminant which has 
not been entirely eliminated clean- 
ing. Trichlorethylene vapor degreas- 
ing thorough, that the effects 
either alcohol immersion force 
drying are not very noticeable. The 
same true almost the same ex- 
tent solvent spray cleaning. Where 
cleaning less efficient the 
case solvent wiping, the effects 
may more pronounced. 

The comparisons are interesting 
when viewed side side. 

The first column Table gives 
the method cleaning and the sol- 
vents used. The next two columns 
give the percentage the surface 
area for the two faces each panel 
which would support film water 
first, after cleaning the 
point where the water-break test 
called for the specification, and, 
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second, after 10-minutes immersion 
alcohol and air drying force 
drying indicated. All the figures 
are averages taken from six panels 
each group. 

The next four columns present the 
results modified Mears activity 
test, using two percent hydrogen 
peroxide plus 0.006 percent sodium 
chloride solution, twelve spot tests 
one face each panel. 

Thus the “over-all average” repre- 
sents the average spot tests 
for each method. 

will noted that ratings 
the water-break test are rather low 
and vary rather widely using 
wiping. The blend V.M. and 
naphtha plus xylene somewhat more 
efficient than V.M. and naphtha 
plus cellosolve. The minutes soak 
alcohol brings the water-break 
rating both, but the drop force 
drying greater with the blend 
using cellosolve than that using 
xylene. 

Solvent spray cleaning and trichlor 
ethylene vapor degreasing get 
ratings the water-break test. 
this instance, the blend using xylene 
shows greater drop force drying 


TABLE 
Panel Preparation, Water-Break Tests, and Activity Rating Averages 


WATER-BREAK TEST, 
PERCENT 


Panel Preparation Initial 
Solvent wipe V.M. and naphtha and 
Solvent wipe and bake V.M. and P. naphtha + 

Solvent wipe V.M. and P. naphtha + xylene...... 47 and 68 
Solvent wipe and bake V.M. and P. naphtha + 

Solvent spray V. M. and P. naphtha + cellosolve.} 99 and 98 
Solvent spray and bake V. M. and P. naphtha + 

Solvent spray V. M. and P. naphtha + xylene.....} 100 and 99 
Solvent spray and bake V. M. and P. naphtha + 

xylene 100 and 100 
T. C. E. degrease........... 100 and 100 
T. C. E. degrease and bake... ... 100 and 100 


Modified Mears Activity Tests, Sec. 


Difference- 


Average 

Maximum 
Average | Average | Over-all and 

Final Maximum! Minimum| Average | Minimum 
82 and 78 36 15 24.5 21 
39 and 54 29 10 20.7 19 
82 and 83 35 11 23.5 24 
80 and 86 28 12 19.4 16 
99 and 97 21 12 15.5 9 
98 and 98 27 12 18.2 15 
98 and 98 18 10 13.6 8 
82 and 82 29 16 23.0 13 
100 and 100 48 17 26.4 31 
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than with the cellosolve blend. 
may worth noting that while the 
trichlorethylene degreased panels show 
loss water-break rating after 
force drying, this force drying was 
done 150° F., whereas trichlor- 
ethylene boils about 190° ef- 
fect, the trichlorethylene panels al- 
ready have been subjected higher 
temperatures before the original 
water-break test than they encounter 
later. 

Turning the activity tests, the 
solvent wiped panels show rather 
wide differences between the average 
maximum and minimum activity 
ratings. The solvent spray cleaned 
panels show the highest degree 
activity and the best uniformity 
activity. the only one show 
decrease activity after force dry- 
ing, whereas the others rather sur- 
prisingly show increase activ- 
ity baking even though the water- 


break rating dropped. spite the 
high water-break rating the tri- 
chlorethylene vapor degreased panels, 
they show relatively low degree 
activity and the widest differences 
activity. 


Solvent Spray Cleaning Method 
Apparently Most Satisfactory 


Summing up, appears that the 
solvent spray cleaning method shows 
considerable promise reasonably 
rapid and economical method pre- 
paring panels for laboratory tests. 
should remind ourselves our 
original premise, which was pre- 
pare group panels satisfactorily 
for laboratory test purposes; each 
panel uniformly clean, uniformly ac- 
tive over its entire surface, and the 
whole group uniform panel panel. 
this way may sure that any 
differences observed the perform- 


PRINCIPLES IMMERSION 


AND HUMIDITY TESTING 


ance the coatings test not 
arise from differences the substrate. 
Solvent spray cleaning has come suf- 
ficiently close this ideal war- 
rant further consideration. 


(prepared discussion) 

the Hercules Powder Co. Ex- 
periment Station, have arrived 
series routine procedures for 
preparation panels. These proce- 
dures will not necessarily fit the 
needs other investigators but they 
are suited our requirements from 
the standpoint both consistency 
results obtained and the rapidity 
with which tests may made. 

Our work Hercules protec- 
tive coatings may divided into 
two major categories: first, the evalu- 
ation oleoresinous finishes, both 
clear and pigmented, which dry 
oxidation and polerization; and, 
second, the evaluation lacquer and 
lacquer enamel coatings, which dry 
primarily evaporation solvent. 
Our objective the first case 
determine the performance charac- 
teristics resinous compositions for 
the purpose resin development 
and customer information. the 
second, wish determine the 
effect various commercially ob- 
tainable resins and plasticizers 
both established and experimental 
film-forming materials. Naturally, 
the two objectives frequently over- 
lap. obtain this information 
have established number rou- 
tine tests which involve both free 
and applied films. Insofar pos- 
sible, ASTM procedures are used 
when availabie. some cases, how- 
ever, deviations from 
dures are found necessary. 


13. Hercules Experiment Station, Hercules 
Powder Co., Wilmington, Del. 
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our routine tests, the general 
appearance the applied film, par- 
ticularly gloss, flow out, depth, and 
fullness are determined. Drying rate, 
resistance water, alkali, impact, 
abrasion, and discoloration when ex- 
posed baking conditions and ultra- 
violet light, effect gas combustion 
fumes, flexibility, water spotting, 
sweat-box tropical test perform- 
ance, cold-check, and general ex- 
terior durability the applied films 
are studied. For number these 
determinations, glass, wood, and tin- 
plate panels are employed. For other 
tests, however, necessary use 
steel panels and with the prepa- 
ration these steel panels for use 
such tests that are now con- 
cerned. 

the testing oleoresinous coat- 
ings, steel panels are used de- 
termining flexibility, adhesion, im- 
pact, abrasion resistance, and dura- 
bility. Primed steel panels are used 
for obtaining discoloration data 
white and pastel shades enamels. 
Steel panels are also used deter- 
mination alkali, acid, 
spray resistance, although occasion- 
ally the alkali tests are made 
glass, using the common test-tube 
procedure. the evaluation lac- 
quer coatings, steel panels are used 
testing sanding properties, print 
and corrosive reagent resistance, 


sweat-box tropical test 


ance, and durability. Occasionally, 
steel panels are used determining 
cold-check resistance; although with 
furniture lacquers, birch, mahogany, 
Walnut plywood panels are more 
commonly employed. 

Our steel panels are purchased 
They consist oiled soft cold-rolled 
steel. number methods have 
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been evaluated for the preparation 
these panels for coating. This has 
varied from solvent cleaning sand 
blasting. One objection the use 
solvent cleaning that the panels 
frequently are slightly rusted and 
sometimes have somewhat rough 
surface which developed during 
the rolling operation. They also have 
sharp edges caused the method 
cutting the panels. 

The procedure currently used 
efforts, and for our purposes ap- 
pears quite satisfactory. The 
rough edges the panels are 
smoothed off filing. The panels 
are then cleaned toluene or, 
this solvent not available, xylene 
One face the panel then sanded 
until smooth, using portable 
sander equipped witha No. 120 sand- 
ing belt, the original surface being 
entirely removed during the sanding 
operation. Sometimes, but 
ways, the sanded panel polished 
with either 360 400 Wet-or-Dry 
Tri-Mite paper. This second opera- 
tion desirable but not essential 
and done when time permits. Dur- 
ing the entire sanding operation, the 
operator has been instructed 
carefully refrain from touching the 
surface the panels with his hands 
fingertips. This may avoided 
either the use gloves 
very careful handling. The panels 
are stored toluene they are not 
coated immediately. 

recognized that the sanding 
operation accentuates the tendency 
the steel corrode under the film, 
particularly when subjected trop- 
ical exposure tests. However, 
are primarily interested the com- 
parative performance the coatings 
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one variable has been changed sys- 
tematically, and standard formula- 
tions well-known performance 
characteristics are included for ref- 
erence. Since each series contains 
these comparison standards, are 
able give the panel phosphate 
similar chemical treatment pas- 
sivise the panel surface test where 
corrosion the metal may cause 
complications. 

subjecting each coating sys- 
tem identical tests, believe 
that the effect systematic varia- 
tion the ingredients under test are 
adequately brought out. Naturally, 
the panel surface cannot treated 
when the panel subsequently 
subjected mandrel other 
flexibility tests, but surface treat- 
ment frequently used where 
are interested tropical sweat- 
box performance and exterior dura- 
bility. 

Rust-preventive measures are al- 
ways taken when the coating 
formulated for application where 
such measures are common commer- 
cial practice. Examples are automo- 
tive and refrigerator finishes. Nat- 
urally, the coating designed 
have inhibitive effect corro- 
sion, this chemical treatment the 
panel surface cannot carried out. 
case this sort, consider 
the sanded panels give more 
severe test. 

not consider the water- 
break test suitable standard for 
indicating the uniformity this 
sanding operation, but have sug- 
gestion for more adequate method. 
panel treated with known 
amount soil will show water 
break when submitted this test. 
the soil removed with suitable 
solvent, the panel will then pass 
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water-break test, particularly sub- 
jected mild sanding operation 
directly after cleaning. However, 
the panel sanded thoroughly and 
then polished that the surface 
how make it, find that the sur- 
face wets very poorly with water 
and pronounced break observed. 
study the degree cleanli- 
ness such sanded 
surfaces has been made means 
copper electroplating tests. For 
these electroplating tests, rather 
simple apparatus was set up. The 
following materials are required: 


1.5-, 6-volt battery, with 
necessary clips and wires. 

Steel panels, mm. 

150-ml. beakers. 

Copper anode mm. 

100-ohm resistance coil. 

Rochelle salts. 

Copper sulfate. 


Using one cell ordinary 
volt battery, the copper anode at- 
tached the positive pole. The 
panel under test constitutes the 
cathode and connected the neg- 
ative pole through 100-ohm re- 
sistance coil. The cathode and anode 
are suspended the plating bath 
contained 150-ml. beaker 
means alligator clips supported 
burette clamps attached sep- 
arate ring stands. The circuit 
opened and closed simply raising 
lowering the cathode into the 
plating bath. With distance 
mm. between anode and cathode, the 
current drawn was approximately 
0.070 ampere (current density 0.0056 
ampere per square centimeter). 

Two solutions were used the 
preparation the copper-plating 
bath. The first contained hy- 
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drated copper sulfate dissolved 
ml. distilled water. The second 
contained Rochelle salts 
ml. water. When dissolved, the 
two solutions were mixed and di- 
luted 125 ml. 


Referring again the soiled, par- 
and thoroughly 
panels, this last being pol- 
ished after real dressing down 
the surface with abrasive, find 
that the first two panels are sub- 
jected copper-plating operation 
using the described equipment, the 
soiled and partially cleaned panels 
show either deposition ir- 
regular deposition copper the 
panel surface. The carefully sanded 
panel, however, plates smoothly and 
evenly, indicating, our opinion, 
the thoroughness the cleaning 
operation. 

The water-break test 
used number panels cleaned 
with different solvents and subjected 
various degrees sanding. 
does not appear give adequate 
story since the more thorough the 
cleaning operation, the greater tend- 
ency there for water break 
observed. This water break 
also observed the soiled un- 
clean panels, but those which are 
intermediate cleanliness, de- 
termined our electroplating tests, 
not show the water break. 
has discussed the effect 
anionic and castionic agents when 
adsorbed metal surfaces. be- 
lieve that the wetting effect ob- 
tained when hydropilic film 
present the metal surface. When 
this removed entirely, the water 
break longer observed. 


14. Harris, J. C., Metal Cleaning: II—Soil 
Removal Performance Methods, ASTM Bulletin 
136, 31, Aug. (1945). 
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not recommend the electro- 
plating method means de- 
termining the suitability steel 
panels for use protective coating 
evaluations, although some syste- 
matic scheme for determining the 
efficiency the cleaning operation 
might developed the use 
this electroplating technique. This 
procedure was developed our labo- 
ratory Van Zile for the 
purpose observing the efficiency 
metal-cleaning compositions, and 
later date, will described 
more detail Van Zile pursuing the 
original objective. 

hope that this discussion 
not serve confuse the problem, 
are presenting for what 
may worth assist considera- 
tion and development adequate 
specification. 


(prepared discussion) 

should kept mind that 
insofar Tentative Method 
concerned, ASTM primarily in- 
terested preparing panels lim- 
ited size, which are used for 
laboratory tests the accelerated 
type; that is, immersion, humidity, 
salt spray, light and water exposure, 
etc. Therefore, this method must 
beyond the requirements aver- 
age commercial surface preparation 
procedures effort reduce the 
number variables these tests. 
should, possible, know what 
the cleaning procedure does the 
uniformity the surface the 
panel, which should uniform 
the uniformity the steel itself 
will permit and less. For this rea- 
son are interested tests 
show that the cleaning procedure 


15. Technical Department, The New Jersey 
Zinc Co., (of Pa.) Palmerton, Pa. 
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TABLE 
Experimental Results 


Procedure which included a rinse in a reactive inhibiting agent (3 
panels* with 16 spots on each panel)...............-....000+ 
Solvent cleaning procedure (4 panels* 16 spots)............... 
Electrolytic cleaning as used in metal plating operations (4 panels* 


SURFACE UNIFORMITY General 

- Surface 

: Mean of | Mean of Activity, 

Highest Lowest Higher Lower Mean of 
Reading, | Reading, | Readings, | Readings, | all Readings, 

Seconds | Seconds | Seconds | Seconds Seconds 


* Panels about 314 by 6 in. and of steel meeting the requirements of Tentative Method D 609. 


+ Next highest readings were 480+ on the second panel and 360 on the third panel. 


t High reading indicates low order of surface activity. 


has really cleaned the surface and 
not added the nonuniformity 
localized contamination, 
areas that are less subject corro- 
sion due some reaction with the 
chemicals that are used. should 
also like know something about 
the general activity the surface 
(or its tendency corrode), but 
this really secondary uniform- 
ity and, course, reproducibility 
the results obtained the clean- 
procedure. 


When panel passed the water- 
break test, have, true, as- 
sumed that indicates that the sur- 
face uniform the character- 
istics the steel permit. The fact 
that break-free film water may 
only indicate that hydrophobic mat- 
ter absent disturbing, but 
the test with which have had 
most experience cannot dis- 
carded offhand manner. How- 
ever, there has been some debate 
the place the water-break test 
the specification method. Some 
consider periodic check the 
the cleaning procedure, 
used only occasional panels. 
Others think that should the 
final step every panel, with the 


idea that contact with water has 


stabilizing effect the surface. Still 


others prefer alcohol dip for sta- 
bilizing and drying the surface and, 
Mr. Van Loo points out, there 
evidence favor this. 

test for exploring the effective- 
ness cleaning procedures, 
producing uniformity and activity, 
badly needed. The copper-plating 
test suggested Mr. Clare should 
studied. Another test, already 
mentioned Messrs. Elm, Single- 
ton and Van Loo and which un- 
doubtedly has possibilities, the 
spot corrosion test with dilute hy- 
drogen peroxide solution. This was 
suggested Mr. Reinhard our 
laboratory simplification the 
test used Mears and 
their study the probability cor- 
rosion steel surfaces. 

There increasing evidence that 
the application statistical 
methods this simplified test can sup- 
ply information about the degree 
activity the surface (tendency 
rust) well the uniformity 
this tendency, and that should 
useful for rating 
dures. Experiments labora- 
tory indicate that cleaning proce- 
dures may vary considerable 
degree the time (seconds) re- 


16. Mears, R. B., and Evans, U. R.,-. The 


Faraday Soc., 


Probability of Corrosion, Trans. 
31, 527 (1935). 
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quired produce first visible evi- 
dence corrosion under drop 
hydrogen peroxide solution. Exam- 
ples such experimental results are 
shown Table VI. 

The solution used consists 
ml. Superoxol (30 percent H,O,) 
984 ml. distilled water. Drops 
(one two) from ordinary medi- 
cine dropper are uniformly distrib- 
uted groups four spots across 
and four uniformly spaced rows ex- 
tending the bottom the panel. 
Each row four spots timed 
unit and, order average the 
starting time, the stop watch can 
started after the second spots. This 
permissible, because readings are 
recorded only the nearest 
seconds. The observer watches for 
the first indication brown color 
any the small bubbles which 
form the steel surface under the 
spot. The lighting should ad- 
justed avoid reflections the 
light source; fluorescent lighting can 
used advantage. Hydrogen 
peroxide solutions are sensitive and 
times erratic and should checked 
against standard 
prepared and kept desiccator. 
(Some make the solution more active 
adding NaCl, but the value this 
questioned.) Panels cleaned the 
third procedure Table are sur- 
prisingly reproducible and have been 
used standards for checking the ac- 
tivity the solution. This cleaning 
procedure may also prove useful 
relative standard for comparing 
the effectiveness other cleaning 
procedures. 

The results with the first proce- 
dure are interesting because the 
indication that inhibiting rinse 
may not react uniformly steel 
surfaces unless the procedure 
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more carefully controlled 
was this case. far, the results 
not justify any conclusions 
possible relationships between sur- 
face uniformity indicated break- 
free water film and uniformity 
readings obtained the spot test. 


(prepared discussion) 


Mr. Elm presents very interest- 
ing discussion important sub- 
ject. The need for accelerated tests 
evaluate paint coatings indeed 
great, since many the coatings 
now available not have much 
background upon which evaluate 
them some the older types 
coatings. Mr. Elm’s analysis the 
problem very good and the vari- 
ous steps procedure proposes 
appear quite logical. 

preparing panels for painting, 
the necessity for eliminating sharp 
edges and corners, which might 
cause rapid failure the paint, can- 
not overemphasized. Their effect 
can minimized carefully round- 
ing all edges and corners filing. 
The use fairly heavy gage metal 
(No. gage) for the panels 
aids permitting better rounding 
the edges. The use additional 
paint wax coatings the edges 
still further improves this condition, 
but difficult paint sharp 
edge satisfactorily. 

the application the coating, 
the use automatic spraying dip- 
coating slow uniform rate will 
assure more uniform paint film 
over the entire panel. This, however, 
does not eliminate the desirability 
making accurate film thickness 
measurements. 


17. Aluminum Company of America, New 


Kensington, Pa. 
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The effect scratches the paint 
film very important, pointed 
out Mr. Elm. the paint films 
are deliberately scratched, the 
scratches should small and uni- 
form. Care should taken that the 
scratches not deeply score the 
metal surface itself. The practice 
scratching paint films metal 
panels open question for 
number reasons. This particu- 
larly true the metal has been given 
special treatment, such 
erizing, prior painting, since the 
scratch will disrupt the protective 
film the metal itself. pointed 
out Mr. Elm, important that 
differences rusting caused 
differences the protective coat- 
ings and not differences the 
corrosivity the metal. 

Our observations are agree- 
ment with Mr. Elm’s statement that 


more paint blistering occurs with 
the same paint system fresh water 


than salt water. His explanation 
appears logical. Blistering 
the paint itself should not con- 
fused with corrosion blistering 
Elm points out. Results have been 
observed aluminum panels simi- 
lar those steel described 


discussing the relative merits 
testing complete immersion 
water and testing exposure 


high humidity, Elm reaches the con- 


clusion that there difference 
the amount water absorbed 
paint films exposed the 
two environments. Several years ago 


conducted few tests free 
paint films (not attached any sub- 
strate). The paint film used these 
tests consisted one coat alumi- 
num paint made with long oil 
varnish vehicle. was found that 
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different amounts water were ab- 
sorbed when the paint film was im- 
mersed distilled water maintained 
80° and when exposed 100 
percent humidity 80° 24- 
hour period, the film which was ex- 
posed 100 percent humidity 
showed gain 17.4 mg. mois- 
ture per gram film, while the film 
which was immersed distilled 
water absorbed only 14.7 mg. 
moisture per gram film. The mois- 
ture permeability the paint film 
was also found greater when 
exposed high humidity than when 
exposed liquid Whether 
these relationships would hold when 
the paint films were attached 
metal substrate was not determined. 


The interpretation the results 
accelerated tests terms the 
service life the paint coatings 
perhaps the most important phase 
the problem. should pointed 
out that immersion tests humid- 
ity tests have the most significance 
when evaluating paint coatings for 
service conditions involving expo- 
sure moisture. The effect aging 
the paint its embrittlement 
not taken into account accele- 
rated test. might easily pos- 
sible have paint which would 
give exceptionally good results 
accelerated test short duration 
and yet give inadequate protection 
metal surface for long periods 
because the rapid embrittlement 
the film with age. Short oil varn- 
ish base enamels sometime behave 
this manner. would, therefore, 
necessary establish correla- 
tion between accelerated and service 
tests for each and every type coat- 


18. Edwards, J., and Wray, R. I., Perme- 
ability of Paint Films to Moisture, Ind. & Eng. 
Chem., 28, 549-559, (1936). 
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ing. Before starting accelerated 
test the exact nature the coating 
must known. might, thus, 
difficult evaluate any new type 
coating which service experi- 
ence existed. For most coatings, 
however, the statistical method 
evaluation proposed Elm should 
give the desired information and, 
points out, should prove well 
worth the trouble carrying out. 


(prepared discussion) 


Mr. Elm’s discussion complete 
and logical. feel that has per- 
formed service focusing atten- 
tion fundamentals rather than 
controversial details. 

are accord with Mr. Elm’s 


remarks the importance panel 


uniformity, surface preparation and 
activation all tests involving metal 
panels. also share his views rela- 
tive small test panels. have 
order reduce edge and corner 
the testing area. Because our own 
difficulties with small panels, are 
frequently surprised note that 
most test panels offered suppliers 
are relatively small size. Elm’s 
evaluation the water-break test 
for panel cleanness agrees with ours. 

Our experience with molten wax 
for protecting panel edges has often 
been disappointing. When molten, 
the wax tends creep the panel 
face; when cool becomes brittle 
and breaks away unless handled 
very gently. prefer use sev- 
eral coats spar varnish, when time 
permits. 

agree with Elm that protec- 


19. Pratt & Lambert, Inc., Buffalo, N. Y. 
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tion from corrosion depends film 
continuity and that minute pinholes 
and imperfections exert tremend- 
ous influence failure. have 
found the salt-spray test distinctly 
useful showing film irregulari- 
ties and not entirely share 
Elm’s skepticism this test. our 
opinion, reproduces the failures 
encountered under actual conditions 
corrosion more closely than 
water-immersion tests. the salt- 
spray test, the metal corrodes but 
the paint film does not usually blister, 
blistering does occur, purely 
secondary effect. immersion 
testing, blistering seems the 
predominant form film failure. 


Elm expresses surprise the lack 
agreement among experienced 
paint-testing engineers. Experts al- 
ways seem disagree whether they 
paint test engineers, surgeons, 
lawyers. Disagreement healthy 
sign, for indicates that people are 
thinking. Most disagreement stems 
from honest differences opinion. 
Opinions differ because there in- 
sufficient factual evidence sup- 
port one sweeping conclusion. 
more facts order eliminate 
some the controversial opinions. 

One reason for disagreement 
that each expert studies his own 
favored formulas and draws conclu- 
sions from these formulas. Rarely 
does test exactly the same paint 
that someone else testing. 
result, there bridge between 
his results and the results other 
laboratories, other tests. Our lab- 
oratory has made practice al- 
ways exposing the same basic test 
paint every series house paint 
exposure tests that has made 
the last fifteen years. The results 
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any one series can interpreted 
terms other series through this 
common denominator. However, 
cannot interpret our results terms 
tests made other laboratories. 


Has Committee D-1 ever consid- 
ered the possibilities setting 
short series standard reference 
paints which would available 


liquid form all laboratories for 


exposure, immersion, 
testing purposes? including one 


more these reference standards 
every industrial test, would not 

amount information about these 
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paints. Beyond that, every test 
which the paints had been included 
could compared with other tests 
containing the paints. feel that 
this proposal would help clear 
some the disagreement that exists 
today. 

Elm’s proposal undertake sta- 
tistical study order pre-deter- 
mine durability scientifically sound 
and certainly worthy trial, but 
few companies laboratories would 
have the personnel, time testing 
facilities undertake such study. 
The industry needs simple testing 
procedures. 


Closure 


Wirshing suggests that 


practically impossible “to check each 
guarantee that each spot the 
panel the same every other 
spot the panel.” believe that 
which will fully adequate for 
paint testing purposes fol- 
lowing scheme similar the one 
Mr. Wirshing should proved 
correct then there only one 
Way open the paint test engineer 
follow the principles 
laid down Mr. Cranmer and 
subject sufficient number panels 
tain adequate basis for statisti- 
standard alone, matter how well 
established and how extended the 
gained with it, en- 
insufficient guarantee the 


reliability the test results. One 
standard does not eliminate errors 
due nonuniformity the sub- 
strate surfaces, although may 
serve check the exposure 
conditions. 

Mr. Wirshing states that the in- 
fluence inadequately coated areas 
such panel edges upon the be- 
havior the paint system under test 
considerable interest the au- 
tomotive engineer, and that for this 
reason they prefer not give the 
edges their test panels additional 
protection. This method testing 
does not guarantee that all edges 
are left inadequately protected 
the same degree, and therefore leaves 
considerable doubt whether cer- 
tain effect observed the result 
edge failure, intrinsically 
poor paint system. get full value 
such tests, would preferable 
eliminate this element uncer- 
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tainty and scratch the test area 
carefully standardized manner. 

One the comments made 
Mr. Clare particular interest. 
states that thoroughly sanded 
and polished steel panel presenting 
the ultimate clean steel surfaces 
wets very poorly with water and 
gives pronounced break. This obser- 
vation illustrates rather strikingly 
one the points that tried make 


paper, namely, that the water- 


break test does not furnish any in- 
formation the cleanliness the 
substrate surface, but merely indi- 
cates whether uniformly hydro- 
philic nature. Surface chemical 
experiments conducted our own 
laboratories have shown that 
thoroughly clean steel surface 
organophilic but becomes increas- 
ingly hydrophilic rusting pro- 
ceeds. 

very difficult fit the results 
the water absorption experiment 
reported Mr. Wray into the pic- 
ture which derived from our own 
experiments. However, without 
knowing the exact experimental de- 
tails Mr. Wray’s experiment, 
should like attempt explana- 
tion. would guess that 
water-soluble material some sort 
was leached from the film specimen 
immersed the distilled water and 
depressed its vapor pressure suffi- 
ciently cause the slightly lower 
water absorption compared with 
the absorption from the vapor. 

The bad experiences Messrs. Lutz 
and Lewis report with waxed edges 
are probably due excessively high 
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temperature the molten wax used 
for coating the panel edges. When 
wax kept only few degrees above 
its melting point and the panel 
slightly below this temperature 
when dipped into the wax, 
creepage the wax kept 
minimum. Embrittlement the 
wax edges lower than room tem- 
peratures, though rather serious with 
some waxes, gives trouble when 
good grade certain wax used, 
For tests very low temperatures 
the scheme coating the panel 
edges with extra coats paint 
preferable. 

Mr. Singleton’s observations re- 
garding the effect sanding the 
corrosion tendency steel surfaces 
measured modified Mears 
test would greater value 
also reported the time 
tween sanding and testing and the 
conditions storage during this in- 
terval. would then possible 
form some idea the density and 
nature the oxide film that very 
likely formed the panel surface. 
our experiments have en- 
deavored avoid such secondary 
effects that reported Mr. Sin- 
gleton because they tend becloud 
the issue. prefer hold the 
panel magnetic chuck during 
the sanding operation since the mas- 
sive chuck aids considerably dis- 
sipating heat generated. Mr. Single- 
ton’s report illustrates strikingly one 
the many variables that can 
introduced, and should eliminated 
gotten under control interpre- 
table results are guaranteed. 
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JEWELL, Monsanto Chemical 
Company, and NACE member, lost his life 
Texas City. short time before the fateful and 
untimely disaster, had the pleasure meet- 
ing Edwin Chicago during our last confer- 
ence. shall not forget that day because 
took the time and trouble single out, 
and for purpose. serious, sober sort 
way, Edwin said, have some constructive 
criticism offer.” 

Among other things said, “There are 
many underlying causes which contribute 
corrosion problems, thus have already many 
members who badly need help but yet 
have not found much lead. Before real 
accomplishments are attained each member 
and the industry represents should duly 
considered. Let not criticize the men who 
organized NACE nor the officers the present time but help them concentrate 
broadening our scope where each and all shall benefit. Sure know more 
money will required. think have excellent prospect for you. Every 
piece metal use today insured—think the assistance the numerous 
insurance companies could give members and the help can give 
them association with ways and means control corrosion. Actually our 
field unlimited.” 

feel certain would interest Edwin Jewell today knew now have 
ever 1000 active memberships plus associate and corporate memberships, 
which exceed 100 number. equally certain would interest him 
know that local sections are being successfully organized, many instances, 
without financial aid from the parent organization. That our aims and intentions 
are good may well evidenced. our progress, however, the ultimate goal 
this association lies long way ahead. Think how much nearer that goal 
would before next conference doubled all memberships. few 
minutes each day from every member undoubtedly than accom- 
plish this end. 

are still young organization, are not infallible and certainly are 
not immune constructive criticism. Edwin Jewell had the courage his 
convictions, expressed sincere willingness work and was big 
enough support the team all the way. While his passing distinct loss, 
sure his sound criticism regarding 100 per cent cooperation, with fairness 
and justice all, shall not unheeded. 


OF CORROSION ENGINEERS 
4 
the 
= 
i 


NACE 


CORROSION ENGINEERS 


Onean~- oO - 


MARINE CORROSION PROBLEMS THEME HOUSTON 
SECTION MEETING 


The Houston (Texas) Section 
the Central Regional Division 
the National Association Cor- 
rosion Engineers met September 
Approximately. members and 
guests attended the 
theme was Marine Corro- 
brief business meeting, presided over 
Section Chairman Noser, 
‘Humble Oil Refining Company, 
was held, during the course which 
Bond the Texas Pipe Line 
Company was elected Secretary- 
Treasurer succeed Glenn King, 

The principal speaker the eve- 
ning was Baughman the 
Texas Game, Fish and Oyster Com- 
mission, who held his audience with 
interesting paper titled, “Marine 
Fouling Organisms.” Baugh- 
man described detail the charac- 


teristics and habits various 


ganisms that inhabit the coastal wa- 


ters the United States, citing 


eral case histories and giving de- 
tailed information related their 
attack upon submerged structures. 
Branche-Krachy Company, who re- 
signed due pressure business. 


was developed during the 
the discussion that followed the 
reading the paper, that most 
these same organisms have 
nite affinity for the paints and coat- 
ings used protect metals unde: 
water. These organisms attachec 
themselvse submerged coatec 
surface, consume the coating anc 
leave the surface exposed. 
ing evidence this fact was 
out Walter Rogers Gul! 
Oil Company his talk.on “Corro 
sion Experiences Louisiana Brack 
ish Waters.” Mr. Rogers stated 
corrosion under water portions 
barges operated his company ha- 
proved serious problem. 
cases has been necessary re- 
move all floating equipment from the 
water least once months 
scrape and re-paint thé surface 
cially available marine paints have 


expectancy greater than six months. 
Corrosion above the water line 
little consequence compared 
that below the water surface, said 
Mr. Rogers. 
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Sarpe the Humble Oil 


and Refining Company presented 
paper “Marine Anti-Foul- 
ing Paints,” and Brannon, also 
the Humble Company, described 
the International Nickel Company’s 
corrosion test site Kure Beach, 
Marine Corps, and as- 
the Texas Group the 


corrosion prevention methods being 
used the Navy, maintaining 
the “Mothball Fleet,” especially that 
the Orange, Texas, anchorage 
where stationed. Commander 
Gadberry said that the Navy’s prin- 
cipal problem regard the Moth- 
was interior corrosion, 
which said was best combated 


GENERAL INTEREST 


Tom Holcombe, Dearborn 
Chemical Company, Shreveport, La, 
has accepted the chairmanship 
the Committee Investigation 
Protective Coatings, newly estab- 
lished NACE technical research 
committee. Mr. commit- 
tee will function under the direction 
the Technical Practices Commit- 
tee, which Mears, Carnegie- 
Illinois Steel Corporation, Pitts- 


burgh, Pa., chairman. 


George Sands, Electro 


lurgical Co., unit Union Carbide 


and Carbon Co., New York, has ac- 


cepted appointment co-chairman 
the Chemical Industry Sympo- 
sium, one ten technical 


scheduled the April 5-8, 1948, 


NACE Conterence and Exhibition, 


held the Hotel Jefferson, St. 


Louis, Fontana, Chair- 
man the Technical Program Com- 
mittee for the Conference, mak- 
ing the announcement, stated that 
Mr. Sands will serve co-chairman 
Battelle Co- 
lumbus, Ohio, has named ‘six new 
assistant directors—all veteran mem- 
bers the Battelle staff. The new 
assistant directors are Frank 
ton, Clarence Lorig, Howard 
Russell, Ralph Sherman, Clar- 
ence Sims and John 
These men will share with Director 
Clyde Williams and Oscar Har- 


Arrange Schedule for 1948 Conference 


one-half days the four-day 1948 Conference and Exhibition sponsored 
National Association Corrosion Engineers will devoted technical sessions. 
The Conference will open Monday, April with registration the morning the 


Hotel: Jefferson. The exhibition arena, located the mezzzanine floor the hotel, will 
open officially the same time, Tuesday, April concurrept technical sessions will 
held the morning, starting 9:00. And Wednesday and Thursday, April and two 
sessions will held the morning, starting 9:00, and two the 
noon, starting 2:00. The annual banquet will held the Gold Room 


the hotel 7:30 Wednesday evening. 


ve 
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der, assistant director since 1930, 
the technical direction Battelle 
research. The creation the new 
posts amounts streamlining 
the Battelle organization. Under the 
Battelle plan, 
ters will handled the director 
and four assistants the director. 
The assistant directors are the top 
coordinators technology. 

advisors, headed Horace Gil- 
lett, chief technical advisor, pro- 
vides specialized consultation and 
guidance all research projects. 
During the period beginning with 
World War II, the Institute’s staff 
has tripled size, growing from 
300, its present 1000. Research 
expenditures this year are expected 
exceed million. 


Upon completion the second 
series lectures inaugurated 
the Humble Oil Refining Co., 
Houston, Texas, for the benefit 
its technical and research personnel 
Baytown (Texas) Refinery, the 
company announced that the series 
lectures would resumed 
February, 1948, when Col- 
burn, assistant the president and 
advisor research the University 
Delaware, will conduct 
course “Special Topics 


Notice 


Effective January 1948, subscription 
the National Association Corrosion 
Engineers’ journal, CORROSION, will 
$7.50 per year, with $3.50 per year rate 
extended educational and public libra- 
ries. The present method allocating 
$3.00 Members’ $7.50 dues for sub- 
scription CORROSION will continue 
force. 


Distillation.” Mr. Colburn will 
followed later the spring Rich- 


=) 
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the University Minnesota, who 
will discuss “Special Topics Or- 
ganic Chemistry.” Joel Hilde- 
appear Humble’s program dur- 
ing the latter half June, 1948, 
lecture “Thermodynamics.” The 
program will closed out with two 
two-week courses August and 
“Physical Chemistry.” The 
program got under way August 
this year with two-weeks course 
achusetts Institute Technology, 
who enlarged the lecture gave 
last year “Transference Proc- 
esses from Small Large.” was 
conducted three-weeks course 
which opened September 
“Physical Problems 
Chemistry.” 
por 
Bjorksten Research Laboratories 
have leased from Edwal Laborato- 
Federal Street, Chicago, order 
research projects. The Edwal Lab- 
tion problems their Ringwood, tion 
Ill., plant. They are continuing the 
balance their research work and 
customer service the 
downtown Chicago address. 
entro Research Laboratories. 
Briarcliff Manor, New York, 
nounce details association with 
CTAB Mr. 
soci 


viesburean) Haarlem, Holland. 
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CTAB jointly directed Rinse, 
one the continent’s leading 
workers the field or- 
ganic coatings, plastics, pigments 
associated materials; and 
Derst, specialist plant layout, 
specially design and practical ap- 
‘cation paints and other coat- 
This combination had de- 
oped the processes for, and have 
remodelled numerous paint 
varnish plants, and the largest 
plant Holland. CTAB 
with extensive studies 
chemistry both raw materials 
intermediates, such the poly- 
dehydration, vinylation 
blowing linseed, soy bean, 
tung, Oiticia and castor oils, resin 
modification, chlorination rubber, 
the formulation fungicides and 
preservatives, and the products 


'HE NEWS SECTION was primarily in- 
corporated Corrosion provide 
record the current activities members 
the Association, and convey informa- 
tion interest and value members. All 
are invited (in fact urged) 


send releases, letters, informing the edi- 
tors changes positions, promotions, 
achievements, other news All ma- 
terial should forwarded the Editor 
CORROSION, 905 Southern Standard 
Bldg., 711 Main Street, Houston Texas. 


pigments and other raw materials. 
Among the new processes and 
and products Centro Research 
interested are metal putties, plas- 
tic coatings for concrete, grease- 
resisting 
textiles, and air drying urea resins. 


PERSONALS 


McRaven has resigned from 
the Dow Chemical Company, Free- 
port, Texas, accept position 


the United States Navy 
connection with corrosion control 
their Panama Canal pipelines. 


While the employ Dow, Mr. 
McRaven was research and devel- 


opment engineer and was engaged 


the development and application 


magnesium for cathodic protec- 
tion pipelines. the author 


several papers the subject 
cathodic protection. 


Christy Vander Valk has been 
named technical director the Red 
Lead Division the Lead Indus- 
tries Association, New York, 
Mr. Vander Valk was formerly as- 
sociated with the Research Depart- 


ment the Heyden Chemical Cor- 
poration, Garfield, His duties 
his new position will include co- 
ordination the extensive research 
program the Association metal 
protective paints and technical serv- 


ice users, and specifiers red 
lead. 


Fred Goldsby has been ap- 
pointed manager the Foreign 
Erection Department the Chi- 
cago Bridge and Iron Company, and 
transferred from Chicago the 
New York office the company. 
Mr. Goldsby Director NACE, 
representing the Corporate Member- 
ship, and also Chairman the Gen- 
eral Program Committee for the 
Fourth Annual Conference and Ex- 
hibition, which the Association will 
stage St. Louis next April. 
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Ruffing, Member NACE, 
formerly with the Cathodic Protec- 
tion Sales Division The Dow 
Chemical Company, Midland, Mich., 
announces the organization the 
Magnode Products Company, Inc., 
139-151 Banker Street, Brooklyn, 
New York, manufacture magne- 
sium anodes for mitigation 
corrosion all types hot water 
storage tanks. 


George Ericson, chemist, has 
been appointed the staff the 
Battelle Memorial Institute, Colum- 
bus, Ohio, where will engaged 
research industrial corrosion 
problems. Mr. Ericson received 
B.S. chemistry from Bethany Col- 
lege 1936. Prior and subsequent 
his service lieutenant (j.g.) 
the Naval Reserve, was 
chemist for the Atchison, Topeka 
and Santa Railway Company. 


Carlos Hickethier has been ap- 
pointed head the new Chemical 
and Physical Research Department 
the Obras Sanitarias Macion 
Buenos Aires, Rep. Argentina. 
Mr. Hickethier only recently re- 
turned Buenos Aires after ex- 
tended visit the United States. 
his new position charged with 
forming and directing special sec- 
tion for corrosion research. 


Richard Pomeroy, consulting en- 
gineer associated with James 
Montgomery, has moved his offices 
and laboratory West Green 
Street, Pasadena, California. 


Duncan Pell has joined the 
Glaspray Process Co., San 
Francisco, Calif., research en- 
gineer. was formerly associated 
with the Plasticoat Company the 
same city. 


OBITUARIES 


Russell, chief chemist 
for The Youngstown Sheet Tube 
Company, Youngstown, Ohio, died 
his Youngstown home July 26. 
member NACE since March 
1945, Mr. Russell had been engaged 
the study corrosion problems 
for almost and since re- 
ceiving his B.S. chemistry from 
Penn State College. 


Olin Smith, chemical engineer 
the United Light and Power 
Company, died his Davenport, 
Iowa, home June 14, following 
illness several months. Mr. 
-Smith, who had been member 
NACE since August, 1944, attended 
both Pyatt Tech and Columbia Uni- 


versity, and had been engaged 
corrosion work for. more than 


Charles Meyerherm, president 
and chief engineer Albert 
Ganz, Inc., consulting engineers, 
died July the Mount Vernon, 
Y., Hospital, after.a brief illness, 
the age 58. had specialized 
electrolysis studies 
ating from Stevens Institute 
Technology with degree 
chanical engineering. member 
NACE since April, 1944, was 
member several other technical 
societies. survived his 
widow, and son, Charles 
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Announcement the develop- 
nent new type corrosion- 
pipe and fittings was made 
the Plastics Division The Dow 
Company. The company 
will fabricate the new pipe its 
plant. 

The product, Saran-lined steel 
designed convey corrosive 
liquids, combines the desirable fea- 
pressure strength—with Saran’s ex- 
reme resistance chemicals. 

Main use the pipe manu- 
chemicals, and plants 
such pulp, paper and textile; 
metal treating and metal plating. 

Saran-lined steel pipe resistant 
very wide range chemicals, 
and solvents. will satisfac- 
torily carry corrosive sulphuric, hy- 
drochloric, nitric and phosphoric 
acids. The working temperature 
the pipe, important chemical en- 
depending upon service conditions. 

Pipe maximum lengths 
feet and sizes from inches 
will manufactured. Fittings, also 
Saran-lined, include elbows and tees. 
companion and reducing flanges and 
gaskets. The latter are made spe- 
cially compounded Saran assure 
maximum chemical resistance 
joints. 

Field assembly presents undue 
problems. Conventional power tools 
may used for cutting and thread- 
ing and assembly joints very 
similar that standard steel 
piping, the company reports. 

Bee Chemical Company, East 
Lake Street, Chicago, has developed 
corrosion inhibitor, Steelyfe 11, 
for steel and other ferrous metals. 


NACE NEWS 


NEW PRODUCTS, EQUIPMENT AND SERVICES 


This product has its active in- 
gredient the barium salt 
cyclic sulfonic acid. Not only does 
the product act outstandingly 
effective corrosion preventive but 
there also additional protection 
against corrosive sulfate ions which 
react with the barium liberating ali- 
cyclic sulfonic acid which itself 
effective corrosion preventive, 
according the company. The new 
inhibitor, water displacing corro- 
sion preventive for indoor storage, 
thin, dark liquid having flash 
point about 105° can ap- 
plied dipping, brushing spray- 
ing. Upon evaporation, leaves 
transparent coating and 
mits inspecting and measuring. This 
coating has high corrosion. preven- 
tion properties and can readily 
removed wiping with degreas- 
ers even after standing for sevéral 
years. For most indoor protection 
jobs, one part Steelyfe added 
six parts Stoddard Sol- 
vent. The product can furnished 
dilution ready for use. 


Fairchild Camera and Instrument 
Corporation has announced the new 
Fairchild Pneumatic Temperature 
Measuring System, for measure- 
ment and control extremely high 
gas temperatures 5000 degrees, 
Reaumur. The instrument form 
gas thermometer utilizing the 
density the gas being measured 
direct indication the tem- 
perature. The Fairchild corporation 
claims this method can solve specific 
gas measurement-control problems 
encountered broad variety 
fields, including aircraft, marine, 
railway, and general industrial. In- 
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struments are also available for lab- 
oratory use. Specified accuracies for 
these instruments are plus-or-minus 
percent 2500 degrees R., and 
plus-or-minus percent from 2500 
5000 degrees R., with response 
rate one-half second less. Fur- 
ther information can obtained 
writing the Engine Control Division 
Fairchild Camera and Instrument 
Corporation, 88-06 Van Wyck Blvd., 
Jamaica 

Fully self-contained and very 
compact, exhaust waste heat 
boiler entirely new design has 
been developed American Loco- 
motive Company, according 
Hugh Corrough, director the 
Company’s Alco Products Division. 
Enclosed insulated steel cabi- 
net only six feet, six inches long; 
seven feet, six inches high, and 
three feet, two inches wide, the unit 
functions automatically exhaust 


for Cathodic Protection. 


ASSOCIATION 


CORRECT COMMITTEE CHAIRMEN 


the article, “Duties New Technical Committees,” which 
appeared page the September Corrosion News Section, the 
names the chairmen the new committees were transposed. 
Mars Fontana chairman the Committee Corrosion Prob- 
lems Involved Processing and Handling Chemicals, while 
Smith heads the Committee Minimum Current Requirements 
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gases from turbocharged diesel 
household type oil The 
waste heat boiler generates 500 
pounds steam per hour the 
diesel exhaust and considerably 
excess that figure when operat- 
ing the oil burner. The units are 
manufactured the Company’s 

Seventeen the new boilers are 
service pumping stations along 
the Great Lakes Pipeline Company 
route, which stretches from Barns- 
dall, Oklahoma, via Kansas City 
Grand Forks, 

wide range application for 
the new waste heat boiler was pic- 
tured Mr. Corrough, who as- 
serted that not only product pipe- 
lines and central power stations but 
all industries using diesel engines 
can apply the unit for heating 
limited amounts process steam. 
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The Necessity Closer Cooperation Between the Engineer 


and the Operating Personnel* 


Gonzales* 


has been good fortune 
attended the National Associa- 
tica Corrosion Engineers’ conven- 
both Kansas City 1946, 
Chicago last April. went 
those meetings with eyes and 
open, anxious learn more 
about this work the members 
N.\CE have cut out for themselves, 
learn how best could ap- 
operating and maintaining 
cross-country gas pipeline, and 
how the operating personnel can 
the problem. 

Through attendance those 
meetings, learned that there are 
great many people, fact, thou- 
sands—devoting their whole work- 
ing time the problem combat- 
ing corrosion. 

The reason there are greater 
number people devoting their 
time this work today because 
there greater necessity for cor- 
porations having their major cap- 
ital metal structures buried 
resting the ground, have 
their payrolls and attached 
their engineering staffs, men who 
are well versed corrosion prob- 
lems, men willing devote their 
time and energy toward protecting 
these valuable assets. Valuable as- 


% A paper presented at the May 28, 1947, 
meeting of the Shreveport (Louisiana) Section 
of the South Central Regional Division of 
NACE. 

* Assistant Superintendent, Gas Pipe Line De- 
partment, Arkansas-Louisiana Gas Company. 


sets? Yes! Metal structures are 
much more valuable today than ever 
before. This increased valuation can 
attributed four present-day 
conditions. First, high cost labor 
and material for replacement pur- 
poses, well new construction. 
Second, known fact that the 
life great majority the exist- 
ing structures can economically 
extended use proper cathodic 
protection, thereby lessening the 
hazzard interrupted service 
customers. course, less interrup- 
tions mean less maintenance cost 
and greater revenue. Third, the ten- 
dency oil and gas engineers today 
(principally gas engineers) 
construct and operate new pipelines 
and use metals for tubing having 
yield approximately 55,000 psi 
and tensil strength approximately 
80,000 psi. This means, course, 
that thin wall pipe used wherever 
practical, thereby reducing the con- 
struction cost, which the first cost. 
maintain these new lines through 
long span life essential that 
thought and plans given ca- 
thodically protecting the lines be- 
fore construction begins, soon 
thereafter. Fourth, high tax trends; 
operating and maintenance costs af- 
fect the net income corporations. 
Management giving much 


thought today, not more, than 
did ten years ago, toward maintain- 
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ing reasonable corporate income. 
And only constantly fighting 
maintain income, can company 
hope adequately serve its cus- 
tomers and satisfy the investing 
public, and only doing can 
hope secure new capital for ex- 

Before the corrosion engineer 
came into being, the few records 
(and there were very few kept) that 
were kept oil and gas leaks and 
hot spots were those prepared 
the operating and civil engineering 
personnel. This was usually done 
ment maps the location, station 
number, and date which blind 
saddles were installed pipelines 
shut off leaks. Hot spots were 
determined after 
developed within short distance 
the pipeline. After hot spots devel- 
oped, plans were then made re- 
place the section. This was the old 
method. Today hot spots can lo- 
cated, use scientific instru- 
ments, long before becomes neces- 
sary replace the section pipe. 
Soil corrosion and electrolysis can 
definitely and economically ar- 
rested cathodically protecting 
the section. 

Where once was the respon- 
sibility the operating personnel 
maintain records leaks 
spots, now the duty both the 
operating personnel and the corro- 
sion engineer. The two departments 
now make team; and without 
harmonious team work, accurate 
records cannot secured. the 
responsibility the operating de- 
partment report accurately the 
engineer when leaks are found, the 
date, time, material spent repair- 
ing the leak and the terrain 
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which the leak developed. 
the responsibility the operating 
spection tours all cathodic units, 
reporting the day which the in- 
spection was made, the time spent, 
miles travelled, and cost repairs 
the units, any. 

the duty the engineer 
make field line surveys before 
new structures are buried the 
and also old structures soon 
after leaks are reported practical. 
oughly test the soil potential, 
select, with the aid the operating 
personnel, sites for ground beds, and 
select the type and size 
odic units best suited for 
believe the job selecting pipe 
coating and pipe wrapping should 
left the planning engineer, 
who will doubt consult with the 
corrosion engineer, 
sonnel and others having wider 
knowledge the over-all problems 
hand. 

also the duty the corrosion 
engineer post all information sent 
him and that which gathers 
himself his records. assemble 
these data such way that brief, 
intelligent cost-report each unit 
line can presented manage- 
ment. After all, the manage- 
ment who must determine the econ- 
omy cathodic protection. 
management who must provide 
the budget the cost continuing 
enlarging the program. let op- 
erate the basis that the corrosion 
engineer and operating and 
nance personnel make team, work- 
ing for the good the 
its customers and its investing pub- 
lic. 
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ATMOSPHERIC CORROSION 


Symposium Atmospheric Ex- 
Tests Non-Ferrous Met- 
is. ASTM Spring Meet. Pitts- 
27, 1946, 

symposium held under the 
ASTM Committee 
Metals and Alloys evaluate and 
-orrelate the data resulting from the 
extensive atmospheric exposure 
tests metals and alloys carried 
out Comm. B-3 for years. The 
papers various authors 
are included: The 
Rolled Zine the Outdoor Atmos- 
phere; The Behavior Nickel and 
Monel Outdoor Atmosphere; Re- 
sistance Copper Alloys Atmos- 
pheric Corrosion; The Use Lead 
and Tin Outdoors; The Resistance 
Aluminum-Base Alloys At- 
mospheric Exposure; and Tracking 
Troubles Atmospheric Corrosion 
Testing. Also included are the 1943 
and 1944 reports 
comm. Atmospheric Corro- 
sion Non-ferrous Metals and 
Alloys. 


Determination and Effect Sul- 
fur Gases Plant Atmospheres. 
Sweo and Bozsin, Ferro 
Enamel Corp. Paper before Am. Ce- 
ramic. Soc. 49th Annual Meeting, 
Chicago, April, 1946; Am. Ceramic 
Soc. Bull., 26, (1947) Mar. 15. 


Methods for the determination 
sulfur gases plant atmospheres 
were devised and analytical data 
were obtained. The chemical analy- 
sis enamel various stages 
processing indicated 
cover coat absorbed sulfur gases and 
that the degree absorption was 
proportional the time exposure. 
This observation was corroborated 
test data. The primary 
sources sulfur gases the plant 
studied were: burning furnace: 
driers; pickle room, and 
compressed-air supply. secon- 
dary source, the liberation ab- 
sorbed sulfur gases from the ware 
during firing indicated. The effect 
these gases scumming 
cover-coat enamel discussed.— 


INCO. 


CHEMICAL CORROSION 


Corrosion. Mars Fontana. Ind, 
Eng. Chem., 39, 91A-92A (1947) 
Mar. 

Discusses the prevention cor- 
rosion caused fluorine and hy- 
drofluoric 


Gas World, 126, 369-74 
(1947) Mar. 29. 

Several types differential cor- 
rosion may occur 
gasholder crowns, corrosion occurs 
most frequently the point where 
the radial joint between two sheets 
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overlapped sheet the next 
inner ring. Corrosion four six 
inches below the water level also 
noted the water seals gas- 
holders. The use the ferroxyl test 
determine anodic and cathodic 
areas suggested. The importance 
relative humidity and industrial 
pollution pointed out. sug- 
gested that gasholdder corrosion 
may greater the sunny side. 
Under marine conditions atmos- 
pheric exposure, mild steel appears 
considerably more resistant 
corrosion than any the wrought 
irons, and the very pure charcoal 
iron the most corrodible. When 
exposed industrial atmospheres, 
British wrought irons are more re- 
sistant corrosion than mild steel. 
Swedish iron. (and ingot iron) still 
the most corrodible. Copper-bearing 
steel has been suggested for gas- 
holder plates, with view mini- 
mizing corrosion, but has been used 
only limited extent. Metal sur- 
face preparation discussed, with 
descaling methods. The weathering 
method followed wire brushing 
gives very poor foundation for 
paint. Metal spraying with zinc 
aluminum great value. Suffi- 
ciently thick coats require paint 
protection, but such paint protec- 
tion generally desirable. Red lead 
very satisfactory pigment for 
metal priming; red oxide iron 
paint should include red lead 
chromate primer used only for 
finishing coats. The adhesion 
chlorinated rubber paints has been 
improved. Bituminous paints are 
good for waterproofing, but deterio- 
rate sunlight. Coal tar may 
used, but should dehydrated 
and about percent lime added. 
applied hot, cut back with 


solvent. The discussion brought out 
other instances corrosion.—CEC. 


Corrosion. Mars Fontana. Ind. 
Eng. Chem. 39, 83A-84A (1947) 
Feb. 

Disscusses economics materials 
for chemical plant construction and 
desirability standardizing means 
expressing corrosion resistance 
materials. Recommends adoption 
“mils/yr.” all 


Aids the Selection Corrosion 
Resisting Piping Material. 
VANDE Bocart. Valve World, 48, 
130-135 (1946) 

The author gives and discusses 
suitable questionnaire assist 
the selection piping material. At- 
tention also drawn the author’s 
“Guide the Selection Corro- 
sion-Resistant Piping 
published the same journal, May, 


Discussion Paper Chemical 
Corrosion Resistance Lead. 
(1947) Mar. 

Points out that lead lead alloys 
should not used equipment 
coming contact with food and 
beverages because the toxicity 
lead-corrosion products. The author 
states that this point was not men- 
tioned “Chemical Corrosion Re- 
sistance Lead” published the 
December, 1946 


Estimating Chemical Piping 
Costs. Chem. Eng., 
24, 109-110 (1947) Jan. 

Tables give estimated prices for 
metal, porcelain, glass, and plastic 
(Saran) fittings and tubing. Form- 
ula for estimating installation costs 
(based required man-hours) 
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This booklet, describing 
REILLY Protective Coatings 
for metal, wood, brick and 
concrete surfaces, will 
sent on request. 


Reill 


Enamel! 


The barrier corrosion pipe lines REILLY 
Enamel. The REILLY coating tough 


will successfully resist normal soil stress and 
abrasion; tightly bonded the steel that 
gives complete insulation and thus prevents 
corrosive agencies from coming contact 
with the metal. regulated its properties 
that will withstand temperatures low 
minus 20°F. without cracking checking, 
and high 170°F. without flow sag, 
REILLY Enamel gives dependable protection. 


REILLY TAR CHEMICAL CORPORATION 


Merchants Bank Indianapolis Indiana 
500 Fifth 2513 Damen Ave., Chicago 


» 
= 
Protective 


CORROSION 


COATINGS 


Interim Descriptive Statement 
the Leaching-Rate Test for Ship’s 
Anti-Fouling Compositions. Iron 
Steel Inst., Joint Tech. Panel the 
Leaching-Rate Test the Marine 


Corr. Sub-Comm., Aug. (1946); 
Paper 19, (1946), Advance copy, 
pps. 


The test assesses the value 
anti-fouling compositions meas- 
uring the rate loss toxic in- 
gredients from the paint surface 
during immersion sea-water. 
Originally developed for application 
anti-fouling compositions con- 
taining cuprous oxide the only 
toxic ingredient, the test being 
adapted for use formulations 
containing more than one toxic con- 
stituent and particular those 
with copper and mercury. Test pro- 
cedure 


Moulds and Bacteria Paint, 
From the Point View Mi- 
Colour Chem. Assoc. 29, 201-214 
(1946) Sept. 

Reviews factors governing the de- 
velopment micro-organisms; the 
causative organisms; coatings and 
the anerobic corrosion metals; 
anti-fouling compositions; and 
properties paint anti-septics. 


Electrochemistry Protective 
Films Metals. Investigation 
the Behavior Aluminium 
Compt. rend. des 
Sciences (USSR) 51, 609-612, 
(1946) (Cf. Abst. 105, 1947) Chem. 
Absts. 41, 1565 (1947). 

Aluminium cathode alumi- 
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nium-zinc and aluminium-magnes- 
ium couples 0.04 normal sodium 
chloride solution buffered with so- 
dium acetate (pH 5.2) are studied, 
and current produced measured. 
The efficiency aluminium cath- 
ode with air film pickled 
trogen sodium hydroxide ano- 
dized 0.15 and thickness was 
studied. Findings are reported with 
curves, analysis which confirms 
that large part the natural pro- 
tective film the surface alum- 
inium electrochemically inert 
solution. The area electrochemi- 
cally active spots less ano- 
dized surface than aluminium 
with protective film formed the 


New Paint Medium for Use 
Light Metals. Light Metals (Eng- 
land) 10, 111, (1947) Apr. 

During the war years, Germany 
developing class organic com- 
pounds known the polyurethanes 
now appears that these materials, 
when used paint media, possess 
outstandingly good adhesion 
light metals. The polyurethanes are 
resinous materials obtained reac- 
tion between polyisocyanates and 
various classes organic com- 
pounds containing reactive hydro- 
gen atoms capable replacement 
sodium. The coatings produced 
the polyurethane resins can 
pigmented the usual way, the 
two essential constituents being 
marketed complete with pigments, 
solvents and diluents and are mixed 
immediately before use when reac- 
tion begins once and proceeds 
rapidly. Films take from five 
hours dry, according condi- 
tions and the actual constituents 
employed, but they will stove 
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METAL PAINTED with 


LEAD 


Gets PLUS 
PROTECTION 


How RED LEAD METAL 
inhibits RUSTING 


Research discloses sound reasons for Red 
Lead’s long acceptance the “standard” 
metal protective paint. 


None more important than Red Lead’s 
ability keep iron and steel “passive” 
state, which the rusting process held 


you know, unpainted steel, exposed 
moisture, rapidly rusts. However, the same 
metal, under identical exposure conditions, 
remains “passivated,” when 


coated with Red Lead. 


The graph right shows clearly the rust- 
inhibitive effect Red Lead steel, con- 
trasted with the rapid and continuous rusting 
bare metal. 


worth noting that, even after five years’ 
exposure, the “passivating” power Red 
Lead still retained. Small wonder, then, that 
maintenance men think Red 
when comes making metals 


Specify RED LEAD for ALL Metal Protective Paints 


The rust-resistant properties Red Lead 
pronounced that improves any metal pro- 
tective paint. So, matter what price you 


pay, get better paint contains 
Red 


RED LEAD PANEL 10 DAYS OLD — 


+ 
BARE STEEL PLATE 


‘HYDROGEN REFERENCE 


2 


20 3 40 50 6 70 8 9% 100 110 120 130 140 
TIME IN HOURS UNDER POTENTIAL MEASUREMENT TEST 


RED LEAD’S Protection Measured Electrically 


piece unpainted steel was immersed water. 
The iron, going into solution, reacted with oxygen 
the water form rust. This unrestrained corrod- 
ing state indicated rapidly developed and 
maintained negative potential relative hydrogen 
(see graph). 

But, when steel panels painted with Red Lead 
were immersed, iron and lead salts formed next 
the metal. This action once stifled corrosion 
preventing the iron from going into solution, thus 
keeping the steel surface passive. Graph curves show 
positive potential, quickly rising and constantly 
maintained. 


* 


NATIONAL LEAD COMPANY: New York 6; Buffalo 3; 
Chicago 8; Cincinnati 3; Cleveland 13; St. Louis 1; San 
Francisco 10; Boston 6 (National Lead Co. of Mass.); 
Philadelphia 7 (John T. Lewis & Bros. Co.) ; Pittsburgh 30 
(National Lead Co. of Pa.) ; Charleston 25, W. Va. (Evans 
Lead Division). 


DUTCH BOY 


RED LEAD 
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hard elastic finishes hour 
160-200° (320-392° F.) addi- 
tion their hardness, elasticity and 


adhesion, the coatings 


their excellent 
durability, resistance water, 
chemicals and organic solvents, 
non-inflammability, and excellent 
electrical characteristics, that 
say, high specific resistance and 
breakdown 


The Pigment-Binder Relationship 
Technol., 11, 423-427 (1946) Nov. 

ques; relationship absorption 
particle size and shape; oil absorp- 
tion pigment mixtures; the pack- 
ing system pigment; wetting 
pigment oil; effect acid value; 


and metal protective paints. ref. 
—BLR. 


Porosity Electrodeposited Met- 
als, Research Project No. 
Part Bibliography. and 
Jr. Monthly Rev., 
445-453 (1947) Apr. 

Includes only refenrences which 
bear directly the porosity aspect 
ranged chronologically and, for each 
year, the alphabetical order the 
names the 


Use Metallic Pigments the 
Preparation Protective Paints. 
Mayne. Soc. Chem. Ind., 
66, 93-95 (1947) Mar. 


The use paints containing 


metallic pigments for the protection 
iron against corrosion consid- 
ered paper. study has been 
made the conditions which must 


ENGINEERS 


ment protect iron cathodically. 
These conditions are: The 
lic pigment must have electrode 
potential less noble than that 
iron, and The pigment particles 
must metallic contact with 


each other and with the iron. 


been shown that while 
powder, zinc dust, and 
powder satisfy the first conditicn, 
only zinc dust meets the 


Protection Against Corrosion 


Means Chromium Diffusion 
STEINBERG. Iron Steel Inst. 
lation No. 296, pp. From Z.V. 
85, 127-129 (1941) Feb. 


Describes the chromising 


process for rendering 


surface layer steel stainless 


treatment with solid, liquid 


gaseous chromium-bearing sub- 


stance; the active agent usually 


chromous chloride. “case” high 
chromium steel, mn. deep, can 
produced few hours.—BNF. 


Metallic Diffusion into Iron 
the Solid State from Sprayed Coat- 
ings. BARDENHEUER and 
LER. Translation from Mitt. K.-W. 
Inst. 14, 295-305 
(1932). 

Investigation diffusion from 
sprayed coatings nickel and 
chromium, together and separately 
and with without aluminum and 
silicon. Nickel diffused 
aluminum, though diffusing 
prevented diffusion other 
ments. Role vapour phase 
fusion 
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Natascoating tankage provides positive protection because 
Natasco protective coatings are insoluble petroleum 


products, are resistant hydrochloric acid, sulphuric 


acid and hydrogen sulphide, have high dielectric strength 


and are sufficiently elastic withstand tank expansion and 
contraction. For full particulars Natasco products 


and contract service, get touch with 


POST OFFICE BOX 1318, TULSA OKLAHOMA 
"Keeps new tanks new—Makes old ones do” 
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CONSTRUCTION MATERIAL 


Investigation Electrolytic Cor- 
rosion Steel Concrete. Corro- 
sion, 37-54 (1947) Jan. 

Progress Report Committee 
Electrolysis the Association 
American Railroads, include studies 
corrosion and current flow 
several railroad foundation pedes- 
tals and the establishment suit- 
able test procedure for determining 
resistance ground, amount 
current flow, and corrosion steel 
embedded concrete. Results are 
described and shown photographs 
and tables. Several important con- 
clusions are drawn. Appendix de- 
scribes study the effect elec- 
tric current 


New Strong, Nonmagnetic Spring 
Material has High Corrosion Resist- 
ance. Matl. Methods, 25, 94-95 
(1947) Apr. 

Elgiloy, new watch spring ma- 
terial developed Elgin with Bat- 
telle Memorial Institute and other 
companies, reportedly composed 
of: 20% chromium, 
15.5% nickel, 15% iron, molyb- 
denum, manganese, 0.15% car- 
bon. remarkably ductile, offers 
excellent workability either hot 
cold, nonmagnetic, unaffected 
finger prints, high humidity and 
shows rust after 500 hours, ex- 
posure 10% salt spray, well 
surviving hot akua regia for 
minutes without harmful effect. Al- 
though now restricted watch 
springs because limited output, 
apparent possibilities include razor 
blades, stainless cutlery, surgical 
and dental instruments, gun springs, 
valve parts, chemical equipment, 
automotive valve springs and parts, 


and electronic components. The 
armed services are said in- 
vestigating its use jet propulsion 
and gas and steam turbine equip- 


Graphic Heat Exchangers. Part 
Forp. Chem. Eng., 54, 92-96 
(1947) Jan. 

Corrosion resistance graphite 


Failures Railway Materials 
the Failure Metals Fatigue: 
Univ. Melbourne, (1946) Dec. 

The types fatigue failure met 
with rails, types, wheel-centres, 
axles, fire-boxes and stay-bolts are 
and illustrated. The accel- 
erating effect corrosion and the 
influence non-metallic inclusions 
are Fatigue failure 


Engineer Discusses Merits 
Ceramic Glazed Clay Pipe. 
Brick Clay Rec., 110, 59- 
(1947) Mar. 

Some sizes unglazed clay pipe 
were found exceed ASTM speci- 
fications percent. Ceramic 


glazings bore added strength. 
—BLR. 


Sulfide Sulfate Corrosion Ce- 
ments. Kuznetsov. App. 
Chem. (USSR) 19, and 489-491 
(1946) (In Russian.) 

The simultaneous action hy- 
drogen sulfide and sulfates ce- 
ments investigated. Results indi- 
cate that aluminum cements 
similar chemical and mineralogical 


composition are the most resistant. 
—BLR. 
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using TRANSITE PIPE 
for salt-water disposal lines 


men know Transite the pipe 
that curbs outside, 
inside and all the way through! has 
proved remarkably resistant the 
corrosive action salt water the 
inside, corrosive soil the outside. 
That’s why find this asbestos- 
cement pipe widely used for salt- 
water disposal lines. 


Transite has other important ad- 
vantages, too. Light weight, 
easily handled—most sizes can un- 
loaded and lowered into the trench 


without mechanical handling equip- 
ment. Its factory-made Simplex Cou- 
plings speed assembly, provide joints 
that tight service. Flexible, they 
permit laying the pipe around curves 
without special fittings. 


you want save installation, 
reduce maintenance and eliminate fre- 
quent pipe replacements your salt- 
water disposal lines, specify cor- 
rosion- resistant Transite 
Pipe. Write Johns-Manville, 
Box 290, New York 16, N.Y. 


See Booths and the National Association 
Corrosion Engineers Conference, Palmer House, Chicago, April 7-10. 


TRANSITE PRESSURE 
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GAS AND CONDENSATE 
WELL CORROSION 


Results Some Studies the 
Condensate Well Corrosion Prob- 
Rocers and Harry 
Gulf Oil Co. Corrosion, 
121-140 (1947) Mar. 

Results study the wetting 
power condensates and waters for 
steel the presence each other, 
with and without wetting agents. 
Resulting effect the corrosion 
rate the mixture was studied 
laboratory methods and the testing 


was extended field operations. 
—BLR. 


Summary Research Drill 
Stem Performance. 
Drilling Contractor, 47-49 
(1947) Feb. 15. 

The five reports the Battelle 
Memorial Institute the Associa- 
tion Oilwell Drilling Contractors, 
are condensed this summary. 
ground for the widening forthcoming 
Battelle activity for the Association 
during 1947.—BLR. 


Progress Report Drill String 
Banta, and McMaster. Drill- 
ing Contractor, 43-52 (1946) May 
15; Ibid 52-65 (1946) Aug. 15; Ibid 
46-60 (1946) Nov. 15. 

Three separate reports from 
Battelle Memorial Institute the 
American Association Oilwell 
Drilling Contractors present: first, 
results metallurgical examina- 
tion specimens pipe from the 
Permian Basin which had failed 
account corrosion; second, sur- 
vey methods and discussion 
problems involved 


tive testing drill pipe, including 
recommended procedure for improv- 
ing the quality mill and field in- 
spection and third, results exten- 
sive laboratory tests methods for 
improving the operating life drill 
string under 
tions. The three most promising 
methods were found be: metallic 
plating, plastic coating, and addition 
chemical 


New Technique Combats Elec- 
trolysis. Oil Weekly, 
124, 18-21 (1947) Feb. 

15-foot rod which was strung 
alternating series copper and 
spacers, installed corrosive wells 
position make intimate con- 
tact with the oil being pumped. The 
casing and pump parts 
tected against corrosion the cell 
couples set between the copper 
and the zinc. The “treater units” 
must replaced occasionally when 
the zinc plates are used 


Corrosion High-Pressure, Gas- 
Phillips Pet. Co. Oil Gas 
33, 81-4 (1946) Dec. 21. 

review the literature gas- 
condensate well corrosion problems 
late and summarize the data found 
therein. The review divided into 
sections covering 
acidity well water, effect tem- 
perature and pressure, velocity and 
turbulence, metal-ion concentration, 
nature and concentration 
solved substances, electrostatic 
charges the fluid, physical and 
chemical nature the metal-protec- 
tive films, prevention and control 
corrosion (suitable corrosion-resist- 
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rosion 


cathodic pro 


cathodic protection 


tifier 


Corrosion engineers agree that cathodic 
protection the best all-round method Few Features 
keeping corrosion rates the lowest Steady output 
possible levels. And General 
Rectifiers are just about the finest 
equipment the job. 

Our fourteen years field experi- Low watt-output cost 
ence have resulted many design and 
construction improvements that mean 
long, uninterrupted service even when 
these rectifiers are installed where they 
must operate under very adverse con- 
ditions. 

They have many special features that 
ance high level. We’d like tell hodic protection 
you how those features can help you for catho 
fight corrosion inexpensively and 
Just drop line, Section 
A84-1016, Appliance and Merchandise 
Department, General Electric Company. 


National Association of Corrosion Engineers, 


Bridgeport 2, Connecticut. as reported in Business Week, \pril 19, 1947. 


Double-wall construction 
Fan cooling 
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Those 


Your Fight Against 
Corrosion... 


doesn’t make sense protect pipe with 
quality coatings and then use makeshift pro- 
tection pipe joints. After all, protection 
only good its weakest joint. 


why more and more distribution en- 
gineers are standardizing TAPECOAT— 
the dependable wrapping tape form that 
provides pipe joint protection equivalent 
the mill coating the pipe. 

TAPECOAT easy apply. You simply 
spiral wrap the joint, starting and ending 
the mill coated pipe, thus making the pro- 
tection the joint equal the coating 


the pipe. will pay you guard against 
those links” with TAPECOAT. 


Write for complete details. 


The TAPECOAT Company 


1523 LYONS STREET EVANSTON, ILLINOIS 


ant alloys, inhibitors), corrosion- 
testing and detection, calculations 
corrosion rates, and suggestions for 
investigation The 
Humble procedure for the electro- 
metric titration fatty acids 
water included. ref. 


Chemical Treatment Distillate 
Wells Practical Aspects. 
Bacon, Lone Star Producing Co., 
Dallas, Texas. Corrosion, 188- 
193 (1946) Oct. 

Type inhibitor, injection meth- 
ods, evaluation effects are dis- 
cussed, the basis the experi- 
ence the Lone Star Producing 


Co.—INCO. 


GENERAL CORROSION 

Corrosion Control. \V. 
NON. Paper before London Section, 
Soc. Chem. Ind. Iron Coal 
Trades Rev., 158, 677-678 (1946) 
Oct. 18; Chem. Ind., 1946, 
Oct. 26; Corr. Mat. Prot. 26- 
(1947) Mar.-Apr. 

Describes recent work, since 
the Chemical research laboratory 
the Dept. Scientific and Indus- 
trial Research, not 
lished. Many problems, often in- 
terest Service Departments, have 
been investigated, e.g., corrosion 
rapidly flowing sea-water 
tection ships’ bottoms; corrosion 
circulatory systems, enclosed 
spaces and anti-freeze solutions 
and the development inhibitors; 
accelerated tests for atmospheric 
corrosion microbiological corrosion. 
The high-speed rotor technique for 
investigating the effect movement 
rate corrosion able dis- 
criminate rapidly between good and 
bad compositions ship’s-bottom 
paints. Investigation the cathodic 
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better protection 


Avail yourself the outstanding 
new weapon for the year-in-year- 
out battle against costly corrosion 
—MAGNESIUM anodes! 


Commercial installations right 
now are proving that magnesium, 
more than any other convenient 
metal, protects structures effi- 
ciently—and economically! 


Magnesium’s properties—its 
greater capacity for providing 
electrical energy and its high driv- 
ing voltage—give unique value 
cathodic protection. 


MAGNESIUM DIVISION 


THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


New York « Boston © Philadelphia * Washington 
Cleveland « Detroit « Chicago « St. Lovis « Houston 
San Francisco Tulsa Los Angeles « Seattle 
Dow Chemical of Canada, Limited, Toronto, Ontario 


Anniversary 


against corrosion 


Tests show that corrosion 
metallic structures reduced 
minimum magnesium anodes. 
Take advantage magnesium’s 
high potential and transfer the 
corrosion your structure 
magnesium anode. 


Dow research and extensive field 
tests show that 
superiority cathodic protection 
pays. Ask any Dow sales office 
for literature. Consult Dow your 
corrosion problems. 


CHEMICALS 
INDUSTRY AND AGRICULTURE 
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protection steel sea-water 
means zinc showed that weight 
steel saved was more than three 
times weight zinc lost. Sodium 
benzoate anti-freeze concentra- 
tions fairly efficient anti-friger- 
ant and virtually non-corrosive 
toward metals used radiator sys- 
tems and also effective for pro- 
tecting metals from corrosion 
wrapping materials and fungi- 
cide. Anaerobic corrosion ferrous 
metals soils, resulting graphiti- 
zation cast-iron, opened new 
field investigation, presenting 
quite different problems from those 
immersed atmospheric corro- 
sion. ref. 


Metal Conservation—A National 
Problem. GERHARD 
Metals, 17, 11-14 (1947) Jan. 

Country’s natural reserves anti- 


mony equivalent years’ supply; 
lead, years; cadmium, years; 
zinc, years; copper, years; 
platinum, years and tungsten, 
years.—BLR. 


METAL FAILURE 


Corrosion Resistance Per- 
cent Chrome Alloy Recorded High 
Plant Service Tests. Pet. Proc., 
116-17 (1947) Feb. 


series tests conducted for the 
Office Rubber Reserve Bab- 
cock Wilcox, and several oil com- 
panies including Phillips Pet., Shell 
Oil, Union Oil, Standard Oil (Calif.) 
and Sun Oil companies the use 
27% chromium-iron alloy buta- 
diene manufacture 
The formation sigma phase 
“885° embrittlement” both re- 
sulting brittle failures steel 


You Have 
ADEQUATE CATHODIC PROTECTION 


for RELIABLE DETERMINATION 


Use the 


COLLINS 
COPPER-SULFATE ELECTRODE 


Manufactured and Distributed 
Solely 


COLLINS 


BOX 941 


ANGLETON, TEXAS 
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Laying pipelines without proper 
protection like burying your 
money cardboard box! 


Yet pipeline owners still spend thousands dollars every year for 
replacement improperly protected lines. For your next new installa- 
tion replacement, specify the very best protection you can get: 


CORPORATION 
New York 17, New York 


@ *Perrault Glass Pipe Wrap is non-corrosive and has no contact-reaction with metal. 


@ The glass filaments in °Perrault Class Pipe Wrap cannot absorb moisture. 
@ °*Perrault Class Pipe Wrap resists organic solvents and acids in soil. 


@ Changes in temperature encountered in application and use have no effect on “Perrault 
Glass Pipe Wrap. 


e Excellent tensile strength plus extremely light weight provide for quick and easy appli- a ‘ 
cation. 


@ *Perrault Class Pipe Wrap has a natural initial absorbency which allows it to pick up more 
coating than other materials of the same thickness and helps eliminate “holidays.” 


*Manufactured and engineered by the Glasfloss 
Corporation for Distribution by Perrault Bros. 
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piping such processes must 
avoided number precautions 
including preheating before welding, 
avoidance sharp notches re- 
entrant angles and shock stresses 
fabrication and repair, rapid cooling 
through the 1100-700° range 
service and prevention overheat- 
ing catalyst regenerating cycles. 
Heat treatment 1500° higher 
restored ductility sheets and 
plates this alloy dissolving the 
sigma phase. Similar investigations 
silicon and nickel-chrome steels 
are considered briefly. This alloy 
was studied for use catalytic de- 
hydrogration processes. 


Corrosion Causes Most Cylinder 
Wear. Digest “Minute Amounts 
Cylinder Wear Are Measured 
with Microscope,” CLARENCE 
Bruce and SAE 
Journal, 55, (1947) Apr. 

Discusses conclusions test 
setup. 


The Corrosion Iron and Steel 
and Its Prevention. 
Oil Colour Chem. Assoc. 30, 320, 
35-52 (1947). 

general survey the corrosion 
iron and steel and methods for 
This survey largely based the 
experimental work the Corrosion 
Committee the Iron and Steel In- 
stitute and the British Iron and 
Steel Research Association. Particu- 
attention devoted the sub- 
ject atmospheric corrosion. The 
survey divided into the following 
sections: The corrosion bare 
iron and steel; general discussion 
protective measures against rust- 
ing; general discussion protec- 
tive coatings for iron and steel; 


protective coatings for heavy struc- 
tural iron and steelwork; and pro- 
tective coatings for light gauge iron 
and steel 


PIPE CORROSION 


Magnetic Thickness Gage. 
(1946) Sept. 15. (In Dutch.) 

For determination thickness 
non-magnetic coatings steel even 


positions difficult access. 
—BNF. 


Application Forced Drainage 
Jr, Corrosion, 151-154 (1947) Apr. 

article Robert Pope, the 
December issue, set equations 
was derived expressing the attenua- 
tion the three quantities: change 
structure/soil potential; current 
structure; and cathodic current- 
density functions the distance 
along the structure 
drainage point. This paper describes 
the application the equation 
pipeline with 
coating. Discussion Mr. Pope. 

—BLR. 


Protecting Pipe Open Systems. 
Asst. Chief Soil 


Biology, Univ. Am. Gas 
Assoc. Monthly 29, 194-6 (1947) 
Apr. 

review the literature given 
relative pipe corrosion, especially 
bacterial and means minimizing. 
some cases cellulose wraps have 
been attacked bacteria and have 
led accelerated corrosion pipes 
and cables. Much more needs 
known about anaerobic bacterial cor- 
suggested that backfills containing 
lime are apt encourage the growth 
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SIX BITUMASTICS... 


FOR STUBBORN DEFENSE 


AGAINST CORROSION AND RUST 


WS 

ATMOSPHERE \\ 


BLACK 


BLACK 


BITUMASTIC TANK SOLUTION 


BITUMASTIC HI-HEAT GRAY 


THEY ARE TOUGH 


Bitumastic protective coatings are 
tough! Their base carefully refined 
coal tar pitch natural seal against 
corrosion. Each the six products 
listed above has its specific applica- 
tion the continuing battle against 
rust and corrosion. 


AND THICK 


The coatings are thick. Bitumastic 
#50 for example covers with thick- 
ness the coat—about times 
the thickness paint. Successive ap- 
plications can provide seamless, 
non-porous sheath thick- 
ness. Coatings are applied cold with 
either brush spray gun. 


When you have surfaces metal, 
masonry concrete exposed cor- 
rosive conditions, seal them against 
premature deterioration with one 
the six Koppers Protective Coatings. 


BITUMASTIC 


BITUPLASTIC* 


SURE SPECIFY GENUINE 


Suggestions for the correct use 
Bitumastics and Bituplastic are given 
our folder 


The Bitumastic Bulletin devoted 
the selection and application 
Koppers protec- 

tive coatings, and 

regular publi- 

cation. 

your name and 

business address 

and glad 

put you the 

mailing list. 


KOPPERS COMPANY, INC. 


WAILES DOVE-HERMISTON DEPARTMENT 
WESTFIELD, NEW JERSEY 


*REG. U. S. PAT. OFF, 


y 
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these bacteria. The use chemi- 
cal sterilizing inhibiting agents 
limit the growth these bacteria 
suggested—much work needs 
done this connection, and the 
use “pit experiments” sug- 
gested, with 
with the sulphate reducing bacteria, 
and inspection once year. Methods 
compacting the soil around the 
pipe possible means limiting 
corrosion need studied. (It 
noted that patent has been applied 
for the use bactericidal and bac- 
teriostatic agents soil stabiliza- 
ography.—CEC. 


SURFACE PREPARATION 


Mechanism Metal Cleaning. 
Prog. 51, 102-106 (1947) Jan. 

claimed that observation 
the break-up oil-films metals 
the cleaning process with alkaline 
cleaners indicates that saponification 


and emulsification are not (as has 
been thought) primary phenomena 
the cleaning process. Physical ex- 
planations the cleaning process 
are put forward, which claimed 
lead considerable savings the 
use cleaning solutions. Gives re- 
sults study the mechanism 
metal cleaning. Direct visual and 
photographic observations were 
made the process oil removal 
from metal. 


New Express Method Phos- 
phating Steel Parts. 
AND Comptes Rendus 
ences 49, 497-499 
(1945) Bull. Iron Steel Inst., 129, 
(1946) Sept. 

method improving 
coatings steel producing 
more uniform, thin, and porous filn 
and subsequently impregnating 
with chromate solution and solu- 
tions organic substances.—INCO. 
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